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ABSTRACT
Ultra-compact massive galaxies ucmgs, i.e. galaxies with stellar masses M? > 8 × 1010M and
effective radii Re < 1.5 kpc, are very rare systems, in particular at low and intermediate redshifts.
Their origin as well as their number density across cosmic time are still under scrutiny, especially
because of the paucity of spectroscopically confirmed samples. We have started a systematic census
of ucmg candidates within the ESO Kilo Degree Survey, together with a large spectroscopic follow-up
campaign to build the largest possible sample of confirmed ucmgs. This is the third paper of the
series and the second based on the spectroscopic follow-up program. Here, we present photometrical
and structural parameters of 33 new candidates at redshifts 0.15 . z . 0.5 and confirm 19 of them as
ucmgs, based on their nominal spectroscopically inferred M? and Re. This corresponds to a success
rate of ∼ 58%, nicely consistent with our previous findings. The addition of these 19 newly confirmed
objects, allows us to fully assess the systematics on the system selection, and finally reduce the number
density uncertainties. Moreover, putting together the results from our current and past observational
campaigns and some literature data, we build the largest sample of ucmgs ever collected, comprising
92 spectroscopically confirmed objects at 0.1 . z . 0.5.
This number raises to 116, allowing for a 3σ tolerance on the M? and Re thresholds for the ucmg
definition. For all these galaxies we have estimated the velocity dispersion values at the effective radii
which have been used to derive a preliminary mass–velocity dispersion correlation.
Keywords: galaxies: evolution - galaxies: general - galaxies: elliptical and lenticular, cD - galaxies:
structure
1. INTRODUCTION
Corresponding author: Nicola R. Napolitano
napolitano@mail.sysu.edu.cn, dianasco@astro.uni-bonn.de
The discovery that massive, quiescent galaxies at red-
shift z > 2 are extremely compact with respect to their
local counterparts (Daddi et al. 2005; Trujillo et al. 2006;
van Dokkum et al. 2010; Damjanov et al. 2009, 2011) has
opened a new line of investigation within the context
of galaxy formation and evolution. In particular, the
strong galaxy size growth (Daddi et al. 2005; Trujillo
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et al. 2006) needed to account for the difference in com-
pactness from high- to low-z, finds the best explanation
in the so-called two-phase formation model (Oser et al.
2010). First of all, massive and very compact gas-rich
disky objects are created due to dissipative inflows of
gas. These so-called “blue nuggets” form stars “in situ”
at high rate, and this causes a gradual stellar and halo
mass growth (Dekel & Burkert 2014). Subsequently, the
star formation in the central region quenches and the
blue nuggets quickly (and passively) evolve into com-
pact “red nuggets”.
In many cases, the masses of these high-z red nuggets
are similar to those of local giant elliptical galaxies,
which indicates that almost all the mass is assembled
during this first formation phase. However, their sizes
are only about a fifth of the size of local ellipticals of sim-
ilar mass (Werner et al. 2018). Thus, during the second
phase of this scenario, at lower redshifts, red nuggets
undergo dry mergers with lower mass galaxies growing
in size (but only slightly increasing their masses) and
becoming, over billions of years, present-day ETGs.
Nevertheless, given the stochastic nature of mergers,
a small fraction of the red nuggets slips through the
cosmic time untouched and without accreting any stars
from satellites and mergers: the so-called “relics” (Ferre´-
Mateu et al. 2017). These galaxies have assembled early
on in time and have somehow missed completely the size
growth. They are therefore supposedly made of only
“in situ” stellar population and as such they provide a
unique opportunity to track the formation of this spe-
cific galaxy stellar component, which is mixed with the
accreted one in normal massive ETGs.
Indeed, very massive, extremely compact systems
have been already found at intermediate to low red-
shifts, also including the local Universe (Trujillo et al.
2009, 2014; Taylor et al. 2010; Valentinuzzi et al. 2010;
Shih & Stockton 2011; La¨sker et al. 2013; Poggianti
et al. 2013a,c; Hsu et al. 2014; Stockton et al. 2014;
Damjanov et al. 2015a,b; Ferre´-Mateu et al. 2015; Saul-
der et al. 2015; Stringer et al. 2015; Yıldırım et al.
2015; Wellons et al. 2016; Gargiulo et al. 2016a; Tortora
et al. 2016, 2018b; Charbonnier et al. 2017; Beasley
et al. 2018; Buitrago et al. 2018). Ultra-Compact Mas-
sive Galaxies (ucmgs hereafter), defined here as objects
with stellar mass M∗ > 8× 1010M and effective radius
Re < 1.5 kpc (although sometimes other stellar mass
and effective radius ranges are adopted, see Section 2)
are the best relics candidates.
The precise abundance of relics, and even more gener-
ally of ucmgs, without any age restriction, at low red-
shifts is an open issue. In fact, at z ≤ 0.5, a strong
disagreement exists between simulations and observa-
tions and among observations themselves on the num-
ber density of ucmgs and its redshift evolution. From
a theoretical point of view, simulations predict that the
fraction of objects that survive without undergoing any
significant transformation since z ∼ 2 is about 1− 10%
(Hopkins et al. 2009; Quilis & Trujillo 2013), and at the
lowest redshifts (i.e., z . 0.2), they predict densities of
relics of 10−7 − 10−5 Mpc−3. This is in agreement with
the lower limit given by NGC 1277, the first discovered
local (z ∼ 0.02) compact galaxy with old stellar popula-
tion, which is the first prototype of local “relic” of high-
z nuggets (Trujillo et al. 2014), and the most updated
estimate of 6 × 10−7 Mpc−3 set by Ferre´-Mateu et al.
(2017), who report the discovery of two new confirmed,
local “relics”. In the near-by Universe, large sky surveys
as the Sloan Digital Sky Survey (SDSS1) show a sharp
decline in compact galaxy number density of more than
three orders of magnitude below the high-redshift val-
ues (Trujillo et al. 2009; Taylor et al. 2010). In contrast,
Poggianti et al. (2013a,c) suggest that the abundance of
low-redshift compact systems might be even compara-
ble with the number density at high redshift. Moreover,
data from the WINGS survey of near-by clusters (Fasano
et al. 2006; Valentinuzzi et al. 2010) estimate, at z ∼ 0,
a number density of two orders of magnitude above the
estimates based on the SDSS dataset.
Since the situation in the local Universe is very com-
plex and different studies report contrasting results, it
is crucial to increase the ucmg number statistics in the
range 0.1 . z . 0.5, where these systems should be
more common. In recent years different works have con-
tributed to the census of ucmgs in wide-field surveys at
these redshifts (Tortora et al. 2016, 2018b; Charbonnier
et al. 2017; Buitrago et al. 2018). In particular, within
the Kilo Degree Survey (KiDS, see Section 2) collabora-
tion, we have undertaken a systematic search for ucmgs
in the intermediate redshift range with the aim of build-
ing a large spectroscopically-confirmed sample. In the
first paper of the series (Tortora et al. 2016, hereafter
T16), we collected a sample of ∼< 100 candidates in the
first ∼ 156 deg2 of KiDS (corresponding to an effective
area of ∼ 107 deg2, after masking). In the second pa-
per (Tortora et al. 2018b, hereafter T18) we updated
the analysis and extended the study to the third KiDS
Data Release (KiDS–DR3). We have collected a sam-
ple of ∼ 1000 candidates, building the largest sample of
ucmg candidates at z < 0.5, assembled to date over the
largest sky area (333 deg2).
1 https://www.sdss.org/
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It is worth noticing that most of all the previously
published findings on these peculiar objects are based
on photometric samples. However, after identification
of the candidates, spectroscopic validation is necessary
to obtain precise spectroscopic redshifts and confirm the
compactness of the systems. Thus, in T18 we presented
the first of such spectroscopic validation, with data ob-
tained at Telescopio Nazionale Galileo (TNG) and at the
New Technology Telescope (NTT).
In this third paper of the series we therefore continue
the work started in T18 to spectroscopically validate
ucmgs and derive their “true” 2 number densities at
intermediate redshifts. In particular, we present here
spectroscopic observations for 33 new KiDS ucmg can-
didates and add to these all the spectroscopic confirmed
ucmgs publicly available in the literature to update the
ucmg number density distribution, already presented in
T18, at redshift 0.15 < z < 0.5. Finally, we also obtain
and present here the velocity dispersion measurements
(σ) for the new 33 ucmgs and for the 28 ucmgs from
T18. Finally, we present a preliminary correlation be-
tween stellar mass and velocity dispersion of these rare
objects, with the aim of starting to fully characterize the
properties of these systems.
This paper represents a further step forward to our fi-
nal goal, which is to unequivocally prove that a fraction
of the red and dead nuggets, which formed at z > 2,
evolved undisturbed and passively into local “relics”. In
particular, to be classified as such, the objects have to
1) be spectroscopically validated ucmgs, 2) have a very
old stellar populations (e.g., assuming a formation red-
shift zphot >∼ 2, the stellar population age needs to be
t >∼ 10 Gyrs). Since we do not derive stellar ages, this
paper makes significant progress only on the first part
of the full story, as not all the confirmed ucmgs satisfy
a stringent criterion on its stellar age. We are confident
that most of our confirmed ucmgs will likely be old, as
we showed in T18 that most of the candidates presented
very red optical and near-infrared colours. Moreover,
in the spectra we present here (see Section 3), we find
spectral features typical of passive stellar population.
However, only with higher resolution and high signal-
to-noise spectra, which would allow us to perform an
in-depth stellar population analysis, it will be possible
to really disentangle relics from younger ucmgs. The de-
tailed stellar population analysis is also particularly im-
portant as a fraction of our ucmgs also shows some hint
of recent star formation or of younger stellar population.
This has been already seen in other samples too (Tru-
2 With the word “true”, we mean here the number density ob-
tained with a spectroscopically confirmed sample.
jillo et al. 2009; Ferre´-Mateu et al. 2012; Poggianti et al.
2013a; Damjanov et al. 2015a,b; Buitrago et al. 2018),
but it is not necessarily in contrast with the predictions
from galaxy assembly simulations (see e.g. Wellons et al.
2015). In fact, they find that ultra-compact systems
host accretion events, but still keep their bulk of stellar
population old and the compact structure almost unal-
tered. Hence, higher quality spectroscopical data will be
mandatory to perform a multi-population analysis and
possibly confirm also this scenario.
The layout of the paper is as follows. In Section 2, we
briefly describe the KiDS sample of high signal-to-noise
ratio (S/N) galaxies, the subsample of our photometri-
cally selected ucmgs, the objects we followed-up spec-
troscopically, and the impact of the selection criteria we
use. In Section 3 we give an overview on observations
and data reduction, and we discuss the spectroscopic
redshift and velocity dispersion calculation procedures.
In Section 4, we discuss the main results, i.e. the num-
ber density as a function of redshift and the the impact
of systematics on these number densities. We also derive
a tentative relation between the stellar mass and the ve-
locity dispersion at the effective radius of our sample of
ucmgs, compared with a sample of normal-sized ellipti-
cal galaxies at similar masses and redshifts. Finally, in
Section 5, we summarize our findings and discuss future
perspectives. In the Appendix we report the final val-
idated ucmgs catalog where some redshifts come from
our spectroscopic program and others from the litera-
ture. For all galaxies we give structural parameters in
the g, r, i, bands and the u, g, r, i, aperture photom-
etry from KiDS.
Throughout the paper, we assume H0 = 70 km s
−1
Mpc−1, Ωm = 0.3, and ΩΛ = 0.7 (Komatsu et al. 2011).
2. SAMPLE DEFINITION
KiDS is one of the ESO public wide-area surveys (1350
deg2 in total) being carried out with the VLT Survey
Telescope (VST; Capaccioli & Schipani 2011). It pro-
vides imaging data with unique image quality (pixel
scale of 0.21/pixel and a median r-band seeing of 0.65′′)
and baseline (ugri in optical + ZY JHK if combined to
VIKING (Edge et al. 2014; Wright et al. 2018)). These
features make the data very suitable for measuring struc-
tural parameters of galaxies, including very compact sys-
tems, up to z ∼ 0.5 (Roy et al. 2018; T16; T18). Both
image quality and baseline are very important for the
selection of ucmgs as they allow us to mitigate system-
atics that might have plagued previous analyses from
the ground.
As baseline sample of our search, we use the data in-
cluded in the third Data Release of KiDS (KiDS–DR3)
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presented in de Jong et al. (2017), consisting of 440 sur-
vey tiles (≈ 333 deg2, after masking). The galaxy data
sample is described in the next Section 2.1.
2.1. Galaxy data sample
From the KiDS multi-band source catalog (de Jong
et al. 2015, 2017), we built a catalog of ∼ 5 million
galaxies (La Barbera et al. 2008) within KiDS–DR3,
using SExtractor (Bertin & Arnouts 1996). Since we
mainly follow the same selection procedure of T16 and
T18, we refer the interested reader to these papers for
more general details. Here we only list relevant physi-
cal quantities for the galaxies in the catalog, explaining
how we obtain them and highlighting the novelty of the
set-up we use in the stellar mass calculation:
• Integrated optical photometry. We use aperture
magnitudes MAGAP_6, measured within circular
apertures of 6′′ diameter, Kron-like MAG_AUTO
as the total magnitude and Gaussian Aperture
and PSF (GAaP) magnitudes, MAG_GAaP (de Jong
et al. 2017) in each of the four optical bands (ugri).
• Structural parameters. Surface photometry is per-
formed using the 2dphot environment (La Bar-
bera et al. 2008), which fits galaxy images with a
2D Se´rsic model. The model also includes a con-
stant background and assumes elliptical isophotes.
In order to take the galaxies best-fitted and remove
those systems with a clear sign of spiral arms, we
put a threshold on the goodness of the fit, only
selecting χ2 < 1.5. We also calculate a modified
version, χ′2, which includes only the central image
pixels, that are generally more often affected by
these substructures. 2dphot model fitting pro-
vides the following parameters: average surface
brightness µe, major-axis effective radius Θe,maj,
Se´rsic index n, total magnitude mS , axial ratio q,
and position angle. In this analysis, we use the
circularized effective radius Θe, defined as Θe =
Θe,maj
√
q. Effective radius is then converted to the
physical scale value Re using the measured (photo-
metric and/or spectroscopic) redshift. Only galax-
ies with r-band (S/N)r ≡ 1/MAGERR_AUTO_r > 50,
where MAGERR_AUTO_r is the error on the r-band
MAG_AUTO, are kept for the next analysis (La Bar-
bera et al. 2008, 2010; Roy et al. 2018, T16; T18).
• Photometric redshifts. Redshifts are determined
with the Multi Layer Perceptron with Quasi New-
ton Algorithm (MLPQNA) method (Brescia et al.
2013, 2014; Cavuoti et al. 2015a), and presented
in Cavuoti et al. (2015b, 2017), which we refer to
for all details.
• Spectroscopic redshifts. We cross-match our KiDS
catalog with overlapping spectroscopic surveys
to obtain spectroscopic redshifts for the objects
in common, i.e. the KiDS spec sample. We
use redshifts from the Sloan Digital Sky Survey
Data Release 9 (SDSS−DR9; Ahn et al. 2012,
2014), Galaxy And Mass Assembly Data Release
2 (GAMA−DR2; Driver et al. 2011) and 2dFLenS
(Blake et al. 2016).
• Stellar masses. We run le phare (Arnouts et al.
1999; Ilbert et al. 2006) to estimate stellar masses.
This software performs a simple χ2 fitting between
the stellar population synthesis (SPS) theoretical
models and the data. In order to minimize the de-
generacy between colours and stellar population
parameters, we fix the redshift, either using the
zphot or zspec, depending on the availability and
the sample under exam. It is evident that, when a
zspec is obtained for a ucmg candidate, the stellar
mass needs to be re-estimated as the “true” red-
shift might produce a different mass that needs
to be checked against the criteria to confirm the
ucmg nature (see next section). Since the ucmg
candidates sample analyzed in this paper has been
collected using a slightly different spectral library
with respect to the sample presented in T18, we
use a partially different set-up to estimate stellar
masses. As in T18, we fit multi-wavelength pho-
tometry of the galaxies in the sample with Sin-
gle burst models from Bruzual & Charlot 2003
(BC03 hereafter). However, here we further con-
strain the parameter space, forcing metallicities
and ages to vary in the range 0.2 ≤ Z/Z ≤ 2.5
and 3 ≤ t ≤ tmax Gyr, respectively. The maximum
age, tmax, is set by the age of the Universe at the
redshift of the galaxy, with a maximum value of
13 Gyr at z = 0. The age cutoff of 3 Gyr is meant
to minimize the probability of underestimating the
stellar mass by obtaining a too young age, follow-
ing Maraston et al. (2013). Then, as in T18, we
adopt a Chabrier (2001) IMF and the observed
ugri magnitudes MAGAP_6 (and related 1σ uncer-
tainties δu, δg, δr, and δi), which are corrected
for Galactic extinction using the map in Schlafly
& Finkbeiner (2011). In order to correct the M∗
outcomes of le phare for missing flux, we use the
total magnitudes derived from the Se´rsic fitting
and the formula:
log10M? = log10M?
le phare+0.4×(MAGAP_6−mS)
(1)
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where log10M?
le phare is the output of le phare.
We consider calibration errors on the photomet-
ric zero-point δzp ≡ (δuzp, δgzp, δrzp, δizp) =
(0.075, 0.074, 0.029, 0.055), quadratically added
to the SExtractor magnitude errors (see T18).
• Galaxy classification. Using le phare, we also fit
the observed magnitudes with the set of 66 empir-
ical spectral templates used in Ilbert et al. (2006),
in order to determine a qualitative galaxy classifi-
cation. The set is based on different templates re-
sembling spectra of“Elliptical”, “Spiral”and“Star-
burst” galaxies.
We use the above dataset, that we name KiDS full,
to collect a complete set of photometrically selected
ucmgs, using criteria as described in the next section.
Moreover, in order to check what galaxies had already
literature spectroscopy, we cross-match the KiDS full
with publicly available spectroscopic samples and de-
fine the so-called KiDS spec sample, which comprises
all galaxies from our complete photometric sample with
known spectroscopic redshifts.
2.2. ucmgs selection and our sample
To select the ucmg candidates, we use the same cri-
teria reported in T16 and T18:
1. Massiveness: A Chabrier-IMF based stellar mass
of M∗ > 8 × 1010M (Trujillo et al. 2009; T16,
T18);
2. Compactness: A circularized effective radius Re <
1.5 kpc (T18);
3. Best-fit structural parameters: A reduced χ2 < 1.5
in g-, r- and i- filters (La Barbera et al. 2010), and
further criteria to control the quality of the fit, as
Θe > 0.05
′′, q > 0.1 and n > 0.5;
4. Star/Galaxy separation: A discrimination between
stars and galaxies using the g−J vs. J−Ks plane
to minimize the overlap of sources with the typical
stellar locus (see e.g., Fig. 1 in T16).
Further details about the above criteria, to select
ucmgs from both KiDS full and KiDS spec can be
found in T16 and T18. In the following we refer to
the photometrically selected and the spectroscopically se-
lected samples as the ones where M? and Re are calcu-
lated using zphot or zspec, respectively.
3
After applying all the requirements we end up with
the following samples at z < 0.5:
3 When the spectroscopic redshift becomes available for a given
ucmg candidate, one has to recompute both the Re in kpc (which
• ucmg full: a photometrically selected sample of
1221 ucmg candidates4 (1256 before the colour-
colour cut) extracted from KiDS full;
• ucmg spec: a spectroscopically selected sample
of 55 ucmgs, selected from the KiDS spec sam-
ple, for which stellar masses and radii have been
computed using the spectroscopic redshifts;
• ucmg phot spec: a sample of 50 photometri-
cally selected ucmg candidates which have spec-
troscopic redshift available from literature. Prac-
tically, these galaxies have been extracted from
KiDS spec but they resulted to be ucmg on the
basis of their zphot.
In the ucmg full sample, that provides the most sta-
tistically significant characterization of our ucmg can-
didates, the objects are brighter than r ∼ 21. Most
of them are located at zphot > 0.3, with a median
redshift of zphot = 0.41. Median values of 20.4 and
11 dex are found for the extinction corrected r-band
MAG_AUTO and log10(M∗/M). More than 97 per cent of
the ucmg full candidates have KiDS photometry con-
sistent with “Elliptical” templates in Ilbert et al. (2006),
and they have very red colours in the optical-NIR colour-
colour plane. The Re < 1.5 kpc constraint corresponds
to Θe ∼< 0.4 arcsec, the medians for these parameters
are Re = 1.22 kpc and Θe = 0.23 arcsec, respectively.
The range of the values for axis ratio and Se´rsic index is
wide, but their distributions are peaked around values
of q ∼ 0.4 and n ∼ 4, with median values of 0.47 and
4.6, respectively.
2.3. The impact of selection criteria
Following the previous papers of this series (T16 and
T18), we adopt rather stringent criteria on the sizes
and masses to select only the most extreme (and rare)
ucmgs. However, there is a large variety of definitions
used in other literature studies. Until there will be no
consensus, the comparison among different analyses will
be prone to a “definition bias”. Here in this section
we evaluate the impact of different definitions on our
ucmg full sample (see also a detailed discussion in
obviously scales with the true redshift) and the stellar mass (see
Section 2.1) to check that the criteria of compactness and mas-
siveness hold.
4 In T18 we collected 995 photometrically selected candidates
(1000 before the colour-colour cut), which is different from the
number of 1221 found here. The difference between these num-
bers is related to the different sets of masses adopted in T18 and
in the present paper. We will discuss the impact of the mass as-
sumption later in the paper, showing the effect on the number
density evolution.
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T18). For instance, keeping the threshold on the stellar
mass unchanged and releasing the constraint on the size,
such as Re < 2 kpc and < 3 kpc, the number of candi-
dates (before colour-colour cut) would increase to 3430
and 12472, respectively. Instead, decreasing the thresh-
old in mass from log10(M∗/M) = 10.9 to 10.7, the
number of selected galaxies within ucmg full would
not change by more than 3%, i.e. the size criterion is
the one impacting more the ucmg definition. Besides
the threshold in size and mass, another important as-
sumption that might significantly impact our selection
is the shape of the stellar Initial Mass Function (IMF).
Here, we assume a universal Chabrier IMF for all the
galaxies despite recent claims for a bottom-heavier IMF
in more massive ETGs (e.g, Conroy et al. 2012; Cap-
pellari et al. 2012; Spiniello et al. 2012; Tortora et al.
2013; La Barbera et al. 2013, Spiniello et al. 2014, 2015).
This choice has been made to compare our results with
other results published in the literature, all assuming a
Chabrier IMF. If a Salpeter IMF were to be used instead,
more coherently with predictions for compact and mas-
sive systems (Mart´ın-Navarro et al. 2015; Ferre´-Mateu
et al. 2017), keeping the massiveness and compactness
criteria unchanged, we would retrieve 1291 ucmgs in-
stead of 1256. Thus, also the IMF slope has a negligible
impact on our selection.
3. SPECTROSCOPIC OBSERVATIONS
Having obtained a large sample of ucmg candidates,
the natural next step is their spectroscopical confirma-
tion. In other terms, a spectroscopic confirmation of
their photometric redshifts is crucial to confirm them
as ucmgs since both compactness and massiveness are
originally based on the zphot associated to the photomet-
ric sample. In this work we present the spectroscopic
follow-up of 33 objects. Twenty-nine candidates are ex-
tracted from ucmg full, while the remaining 4 come
from the data sample assembled in T165. The basic pho-
tometric properties of these 33 objects are reported in
Table 1. The structural parameters and the r -band 2D
fit outputs derived from 2dphot are reported in Table 2
and the fits themselves are showed in Figure 16.
5 The sample in T16 was assembled in the early 2015, applying
the same criteria listed in Section 2.2. It consisted of a mixture
of the 149 survey tiles from KiDS–DR1/2 (de Jong et al. 2015)
and few other tiles that have been part of subsequent releases.
Although this datasample and the KiDS full one are partially
overlapping in terms of sky coverage, they differ in the photometry,
structural parameter values and photometric redshifts.
6 The r-band KIDS images sometimes seem to suggest some
stripping or interactions with other systems. However the major-
ity of the spectra are typical of a passive, old stellar population.
Moreover, we also note that according to the simulations presented
Data have been collected in the years 2017 and
2018 during three separate runs, two carried out with
the 3.6m Telescopio Nazionale Galileo (TNG), and
one using the 2.54m Isaac Newton Telescope (INT),
both located at Roque de los Muchachos Observa-
tory (Canary Islands). We thus divide our sample
into three sub-groups, according to the observing run
they belong to: ucmg int 2017, ucmg tng 2017 and
ucmg tng 2018. They consist of 13, 11 and 9 ucmg
candidates, respectively, with MAG_AUTO_r . 20.5 and
zphot . 0.45.
In the following sections, we discuss the instrumental
and observational set-up as well as the data reduction
steps for the two different instrumentation. Then we de-
scribe the S/N determination and the redshift and ve-
locity dispersion calculation, obtained with the new Op-
timised Modelling of Early-type Galaxy Aperture Kine-
matics pipeline (OMEGA-K, D’Ago et al., in prep).
3.1. INT spectroscopy
Data on 13 luminous ucmg candidates belonging to
the ucmg int 2017 sample have been obtained with the
IDS spectrograph during 6 nights at the INT telescope,
in visitor mode (PI: C. Tortora, ID: 17AN005). The
observations have been carried on with the RED+2 de-
tector and the low resolution grating R400V, covering
the wavelength range from 4000 to 8000 A˚. The spectra
have been acquired with long-slits of 1.6′′ or 2′′ width,
providing a spectral resolution of ∆λ/λ = 560, a dis-
persion of 1.55 A˚/pixel, and a pixel scale of 0.33 arc-
sec/pixel. The average seeing during the observing run
was FWHM ∼ 1.5′′, the single exposure time ranged be-
tween 600 and 1200 seconds and from 1 up to 5 single
exposures have been obtained per target, depending on
their magnitudes.
Data reduction has been performed using iraf7 im-
age processing packages. The main data reduction steps
include dark subtraction, flat-fielding correction and sky
subtraction. The wavelength calibration has been per-
formed by means of comparison spectra of CuAr+CuNe
lamps acquired for each observing night using the iden-
tify task. A sky spectrum has been extracted from the
outer edges of the slit, and subtracted from each row of
the two dimensional spectra using the iraf task back-
ground in the twodspec.longslit package. The sky-
in Wellons et al. (2016), compact galaxies can undertake a variety
of evolutionary paths, including some interaction with a close-by
companion, without changing their compactness.
7 iraf is distributed by the National Optical Astronomy Ob-
servatories, which is operated by the Associated Universities for
Research in Astronomy, Inc. under cooperative agreement with
the National Science Foundation.
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Table 1. Integrated photometry for the 33 ucmg candidates observed within our spectroscopic program, 13 in ucmg int 2017,
11 in ucmg tng 2017 and 9 in ucmg tng 2018 (within each subsample the galaxies are ordered by Right Ascension). From
left we give: a) progressive ID number; b) KIDS identification name; c) r-band KiDS MAG_AUTO; d-g) u-, g-, r- and i-band KiDS
magnitudes measured in an aperture of 6 arcsec of diameter with 1σ errors; h) photometric redshift from machine learning. All
the magnitudes have been corrected for galactic extinction using the maps of Schlafly & Finkbeiner (2011). More details are
provided in Section 2.
ID name MAG_AUTO_r u6′′ g6′′ r6′′ i6′′ zphot
Observation date: March 2017 Instrument: INT/IDS
1 KIDS J085700.29–010844.55 19.21 22.70± 0.21 20.74± 0.01 19.22± 0.003 18.71± 0.01 0.28
2 KIDS J111108.43+003207.00 19.05 22.49± 0.14 20.46± 0.01 19.04± 0.003 18.61± 0.006 0.26
3 KIDS J111447.86+003903.71 19.00 22.35± 0.12 20.47± 0.01 19.03± 0.003 18.57± 0.009 0.26
4 KIDS J111504.01+005101.16 19.21 20.43± 0.02 19.92± 0.006 19.24± 0.003 19.01± 0.014 0.45
5 KIDS J111750.31+003647.35 19.13 22.80± 0.19 20.74± 0.01 19.12± 0.003 18.69± 0.01 0.37
6 KIDS J122009.53–024141.88 18.69 21.93± 0.1 20.02± 0.007 18.71± 0.002 18.19± 0.006 0.22
7 KIDS J122639.96–011138.08 18.59 22.15± 0.11 20.06± 0.008 18.63± 0.003 18.21± 0.008 0.23
8 KIDS J122815.38–015356.06 18.84 22.17± 0.1 20.26± 0.008 18.84± 0.003 18.37± 0.008 0.24
9 KIDS J140127.77+020509.13 19.04 21.47± 0.06 20.23± 0.007 19.01± 0.003 18.65± 0.007 0.34
10 KIDS J141120.06+023342.62 18.85 22.72± 0.17 20.47± 0.01 18.83± 0.003 18.39± 0.007 0.32
11 KIDS J145700.42+024502.06 18.62 22.17± 0.13 19.95± 0.008 18.67± 0.002 18.23± 0.007 0.24
12 KIDS J150309.55+001318.10 18.99 22.59± 0.19 20.47± 0.01 19.02± 0.003 18.67± 0.007 0.28
13 KIDS J152844.81–000912.86 18.56 22.91± 0.25 19.98± 0.01 18.59± 0.002 18.20± 0.005 0.23
Observation date: March 2017 Instrument: TNG/DOLORES
14 KIDS J084239.97+005923.71 19.63 22.95± 1.76 21.14± 0.12 19.58± 0.04 19.02± 0.08 0.35
15 KIDS J090412.45–001819.75 19.11 22.51± 0.95 20.58± 0.07 19.13± 0.02 18.66± 0.02 0.27
16 KIDS J091704.84–012319.65 19.21 22.87± 1.03 20.84± 0.08 19.20± 0.02 18.65± 0.02 0.33
17 KIDS J104051.66+005626.73 19.52 23.27± 0.29 20.97± 0.02 19.54± 0.005 18.52± 0.01 0.33
18 KIDS J114800.92+023753.02 19.41 23.13± 0.33 20.54± 0.01 19.41± 0.005 18.61± 0.009 0.32
19 KIDS J120203.17+025105.56 19.43 22.57± 0.18 20.95± 0.02 19.41± 0.005 18.95± 0.01 0.30
20 KIDS J121856.54+023241.69 19.23 22.75± 0.17 20.79± 0.01 19.23± 0.004 18.70± 0.008 0.30
21 KIDS J140257.62+011730.39 19.96 23.31± 0.48 21.33± 0.02 19.94± 0.008 19.44± 0.02 0.33
22 KIDS J145656.68+002007.41 19.46 22.99± 0.23 20.84± 0.02 19.43± 0.005 18.94± 0.006 0.28
23 KIDS J145948.65–024036.57 18.57 21.96± 0.88 19.92± 0.05 18.58± 0.02 18.10± 0.04 0.25
24 KIDS J152700.54–002359.09 19.64 24.54± 1.45 21.19± 0.03 19.62± 0.006 19.12± 0.01 0.33
Observation date: March 2018 Instrument: TNG/DOLORES
25 KIDS J083807.31+005256.58 19.29 22.48± 0.14 20.66± 0.01 19.29± 0.004 18.75± 0.009 0.28
26 KIDS J084412.25–005850.00 19.67 22.76± 0.22 21.16± 0.02 19.64± 0.006 19.10± 0.015 0.32
27 KIDS J084413.29+014847.59 19.78 23.01± 0.32 21.22± 0.02 19.75± 0.008 19.21± 0.014 0.33
28 KIDS J090933.87+014532.21 19.55 23.13± 0.35 21.14± 0.02 19.51± 0.005 18.98± 0.01 0.33
29 KIDS J092030.99+012635.38 19.52 22.70± 0.19 20.96± 0.02 19.51± 0.005 19.04± 0.015 0.29
30 KIDS J092407.03–000350.69 19.87 24.06± 0.55 21.48± 0.02 19.84± 0.005 19.20± 0.012 0.39
31 KIDS J103951.25+002402.34 19.63 22.41± 0.15 20.66± 0.01 19.62± 0.006 18.70± 0.013 0.41
32 KIDS J145721.54–014009.02 19.43 23.12± 0.35 21.03± 0.02 19.47± 0.004 18.97± 0.014 0.29
33 KIDS J152706.54–001223.64 19.67 23.92± 0.73 21.39± 0.03 19.68± 0.006 19.08± 0.01 0.43
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Figure 1. 2D fit output from the 2dphot procedure on the 33 ucmg candidates for which we obtained new spectroscopic data.
For each ucmg the left panel shows the original r-band image and the right panel shows the residual after the subtraction of
the 2D single Se´rsic PSF convolved model. We also indicate the scale of 2 arcsec in the panels.
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Table 2. Structural parameters derived running 2dphot on g-, r- and i-bands. For each band we give: a) circularized effective
radius Θe, measured in arcsec, b) circularized effective radius Re, measured in kpc (calculated using zphot values listed in Table
1), c) Se´rsic index n, d) axis ratio q, e) χ2 of the surface photometry fit, f) χ′2 of the surface photometry fit including only
central pixels and g) the signal-to-noise ratio S/N of the photometric images, defined as the inverse of the error on MAG_AUTO.
g-band r-band i-band
ID Θe Re n q χ
2 χ′2 S/N Θe Re n q χ2 χ′2 S/N Θe Re n q χ2 χ′2 S/N
1 0.32 1.36 2.94 0.31 1.01 0.92 81 0.37 1.55 2.33 0.33 1.02 0.98 81 0.34 1.43 4.04 0.33 1.01 1.01 98
2 0.40 1.60 3.31 0.74 1.02 0.96 100 0.28 1.11 5.54 0.76 1.02 1.07 100 0.31 1.23 5.83 0.77 1.02 1.02 161
3 0.36 1.45 4.56 0.25 0.99 1.02 94 0.26 1.06 6.08 0.26 1.03 1.20 94 0.34 1.36 4.93 0.24 1.00 1.00 108
4 0.06 0.32 2.96 0.71 1.00 1.02 148 0.06 0.35 6.32 0.87 1.03 1.12 148 0.10 0.55 5.57 0.73 0.97 0.97 62
5 0.16 0.84 7.10 0.81 1.01 0.99 90 0.14 0.71 6.83 0.87 1.07 1.08 90 0.14 0.70 6.00 0.73 1.00 1.00 108
6 0.43 1.52 1.52 0.29 1.02 0.94 134 0.35 1.23 2.15 0.26 1.02 1.16 134 0.41 1.44 2.11 0.31 0.99 0.99 148
7 0.22 0.82 8.46 0.57 1.02 1.07 118 0.31 1.12 7.53 0.68 1.03 1.28 118 0.36 1.32 2.87 0.61 1.00 1.00 123
8 0.39 1.48 2.96 0.53 1.03 0.98 125 0.36 1.36 2.68 0.54 1.03 1.19 125 0.35 1.34 2.87 0.56 1.05 1.05 128
9 0.20 0.97 4.95 0.79 1.04 1.02 161 0.24 1.14 5.19 0.83 1.04 1.20 161 0.22 1.04 5.30 0.72 0.99 0.99 166
10 0.40 1.10 2.49 0.30 1.00 1.01 97 0.21 0.97 2.97 0.30 1.15 1.20 97 0.21 0.98 2.83 0.31 0.99 1.02 156
11 0.39 1.47 7.86 0.51 1.00 0.91 104 0.27 1.02 6.71 0.42 1.04 1.23 377 0.34 1.31 8.40 0.49 0.99 0.99 129
12 0.32 1.37 6.08 0.48 1.00 1.03 79 0.31 1.30 7.16 0.56 1.07 1.14 283 0.30 1.27 6.93 0.52 1.02 0.93 132
13 0.28 1.61 3.94 0.36 1.00 1.07 135 0.39 1.45 4.24 0.77 1.04 1.19 421 0.41 1.50 5.33 0.77 1.01 0.88 175
14 0.28 1.37 2.22 0.12 1.03 0.94 53 0.23 1.12 3.27 0.29 1.00 1.07 158 0.28 1.40 3.38 0.41 0.98 0.91 105
15 0.43 1.77 4.82 0.32 1.00 1.20 70 0.27 1.13 2.69 0.36 1.04 1.15 297 0.21 0.87 4.37 0.33 1.00 0.99 244
16 0.28 1.35 3.05 0.32 1.02 1.08 70 0.24 1.14 3.03 0.41 1.04 1.18 252 0.27 1.28 4.12 0.41 1.02 1.03 219
17 0.36 1.71 4.57 0.36 1.00 0.93 58 0.31 1.46 6.10 0.38 1.02 1.01 58 0.31 1.47 4.35 0.36 0.99 0.99 91
18 0.27 1.25 2.09 0.58 1.00 0.95 93 0.29 1.36 2.83 0.58 1.03 1.04 93 0.26 1.22 2.75 0.56 1.05 1.05 114
19 0.31 1.38 6.47 0.99 1.04 1.01 59 0.29 1.29 9.54 0.89 1.03 1.09 59 0.36 1.58 5.24 0.87 1.01 1.01 111
20 0.31 1.37 2.05 0.19 1.03 0.93 82 0.33 1.46 2.75 0.30 1.02 1.00 82 0.26 1.15 3.13 0.26 1.03 1.03 132
21 0.17 0.81 6.43 0.44 1.01 0.96 52 0.11 0.50 8.05 0.46 1.03 1.12 52 0.19 0.90 4.08 0.58 1.03 1.03 70
22 0.25 1.04 2.48 0.10 1.04 1.12 74 0.12 0.50 5.60 0.20 1.03 1.11 74 0.11 0.45 5.53 0.31 1.03 1.03 184
23 0.27 1.07 6.15 0.30 1.04 1.39 110 0.31 1.22 4.34 0.30 1.04 2.78 110 0.66 2.57 8.19 0.04 1.00 1.02 146
24 0.39 1.85 10.02 0.94 1.01 1.07 42 0.14 0.67 8.83 0.75 1.01 1.16 42 0.22 1.07 9.16 0.68 1.02 1.02 73
25 0.31 1.30 4.08 0.41 0.99 0.92 84 0.35 1.49 4.02 0.45 1.03 1.06 84 0.30 1.27 3.08 0.40 1.03 0.87 106
26 0.27 1.28 2.00 0.32 1.01 1.01 58 0.29 1.36 2.69 0.36 1.04 1.15 58 0.27 1.26 4.37 0.33 1.02 0.99 75
27 0.32 1.51 6.83 0.44 1.00 0.98 51 0.23 1.11 4.36 0.52 0.98 0.90 51 0.26 1.26 6.56 0.49 1.01 0.94 78
28 0.26 1.24 1.74 0.36 1.03 1.04 55 0.24 1.14 2.66 0.48 1.08 1.28 55 0.22 1.03 3.08 0.43 1.01 0.99 109
29 0.35 1.50 5.72 0.65 1.02 1.04 51 0.33 1.42 6.92 0.68 1.01 0.96 51 0.27 1.17 8.25 0.73 1.01 0.94 70
30 0.18 0.95 6.19 0.25 1.00 0.99 50 0.26 1.39 2.82 0.32 1.00 1.05 50 0.26 1.35 2.66 0.34 1.02 0.95 95
31 0.25 1.37 6.14 0.76 1.03 0.99 85 0.23 1.26 5.59 0.80 1.02 1.00 85 0.27 1.47 2.13 0.80 0.99 0.92 83
32 0.69 3.04 4.60 0.60 1.00 1.00 55 0.34 1.50 8.29 0.53 1.01 1.14 55 0.34 1.48 4.36 0.52 1.01 0.95 63
33 0.23 1.30 5.77 0.18 1.04 1.04 36 0.27 1.49 5.46 0.25 1.02 1.05 36 0.23 1.29 6.43 0.23 0.99 0.92 75
subtracted frames have been co-added to averaged 2D
spectra and then the 1D spectra, which have been used
to derive the spectroscopic redshifts, have been obtained
extracting and summing up the lines with higher S/N
using the task scopy.
The 1D reduced spectra are showed in Figure 2. They
are plotted in rest-framed wavelength from ∼ 3600 to ∼
5600 A˚ and units of normalized flux (each spectrum has
been divided by its median). The spectra are vertically
shifted for better visualization. Vertical red dotted lines
show absorption spectral features typical of an old stellar
population.
3.2. TNG spectroscopy
The 20 spectra of ucmg candidates in the ucmg tng
2017 and ucmg tng 2018 samples have been collected
using the Device Optimized for the Low RESolution
(DOLORES) spectrograph mounted on the 3.5m TNG,
during 6 nights in 2017 and 2018 (PI: N.R. Napolitano,
ID: A34TAC 22 and A36TAC 20). The instrument has
a 2k × 2k CCD detector with a pixel scale of 0.252 arc-
sec/pixel. The observations for both subsamples have
been carried out with the LR-B grism with dispersion of
2.52 A˚/pixel and resolution of 585 (calculated for a slit
width of 1′′), covering the wavelength range from 4000 to
8000 A˚. As in the previous case, we have obtained from 1
to 5 single exposures per target, each with exposure time
ranging between 600 and 1200 seconds. Following T18,
the DOLORES 2D spectra have been flat-fielded, sky-
subtracted and wavelength calibrated using the HgNe
arc lamps. Then, the 1D spectra have been extracted
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Figure 2. Spectra of the 13 candidates observed in our spectroscopic campaign with INT (ucmg int 2017), for which we
obtain a spectroscopic redshift estimation. The spectra are plotted in ascending order of ID, which is reported above each
corresponding spectrum, and refers to the IDs in Table 3. We only show the wavelength region that was used to derive the
redshift and to compute the velocity dispersion. This region includes some of the most common stellar absorption lines such as
Ca-H, Ca-K, Balmer lines (Hδ, Hγ and Hβ), Mgb, and Fe lines. The spectra are plotted in rest-framed wavelength, in unit of
normalized flux (each spectrum has been divided by its median) and they are vertically shifted for better visualization. In some
cases, when the red part of the spectrum was particularly noisy, we cut it out to improve the figure layout.
by integrating over the source spatial profile. All these
procedures have been performed using the same stan-
dard iraf tasks, as explained in Section 3.1. The TNG
spectra are showed in Figures 3 and 4, using the same
units and scale of Figure 2. Similarly to the previous
case, the main stellar absorption features are highlighted
with vertical red dotted lines.
3.3. Spectroscopic signal-to-noise ratio determination
To calculate the signal-to-noise ratio (S/Nspec) of the
integrated spectra we use the IDL code DER SNR8. The
8 The code is written by Felix Stoehr and published on the
ST-ECF Newsletter, Issue num. 42. The software is avail-
code estimates the derived S/N from the flux under the
assumptions that the noise is uncorrelated in wavelength
bins spaced two pixels apart and that it is approximately
Gaussian distributed. The biggest advantages of using
this code are that it is very simple and robust and, above
all, it computes the S/N from the data alone. In fact,
the noise is calculated directly from the flux using the
following equation:
N =
1.482602√
6× 〈|2S(i)− S(i− 2)− S(i+ 2)|〉 (2)
able here: www.stecf.org/software/ASTROsoft/DER SNR/; the
Newsletter can be found here: www.spacetelescope.org/about/
further information/stecfnewsletters/hst stecf 0042/.
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Figure 3. Same as Figure 2, but for the 11 candidates observed in our spectroscopic campaign with TNG (ucmg tng 2017),
for which we obtain a spectroscopic redshift estimation.
where S is the signal (taken to be the flux of the contin-
uum level), the index i runs over the pixels, and the “〈〉”
symbol indicates a median calculation done over all the
non-zero pixels in the restframe wavelength range 3600
− 4600 A˚, which is the common wavelength range for all
the spectra, including the T18 ones, for which we deter-
mine, in the next section, also the velocity dispersion.
We note that these signal-to-noise ratio estimates have
to be interpreted as lower limit for the whole spectrum,
since they are calculated over a rather blue wavelength
range, whereas the light of early-type galaxies is ex-
pected to be strong in redder regions. This arises clearly
from the comparison of these S/Nspec with the ones we
will describe in the next section, which are computed,
for each galaxy, over the region used for the kinematic
fit and are systematically larger. Both of them will be
used in Section 4.4 as one of the proxy of the reliability
of the velocity dispersion (σ) measurements.
3.4. Redshift and velocity dispersion measurements
Redshift and velocity dispersion values have been
measured with the Optimised Modelling of Early-type
Galaxy Aperture Kinematics pipeline (OMEGA-K,
D’Ago et al. 2018), a Python wrapper based on the
Penalized Pixel-Fitting code (pPXF, Cappellari 2017).
OMEGA-K comprises a graphical user interface
(PPGUI, written by G. D’Ago and to be distributed
soon) that allows the user to visualize and inspect the
observed spectrum in order to easily set the pPXF
fitting parameters (i.e., template libraries, noise level,
polynomials, fit wavelength range and custom pixel
masks). We use PPGUI to restframe the spectra and
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Figure 4. Same as Figure 2, but for the 9 candi-
dates observed in our spectroscopic campaign with TNG
(ucmg tng 2018), for which we obtain a spectroscopic red-
shift estimation.
obtain a first guess of the redshift, initially based on the
zphot.
The aim of OMEGA-K is to automatically retrieve an
optimal pixel mask and noise level (1σ noise spectrum)
for the observed spectrum, and to find a robust esti-
mate of the galaxy kinematics together with its uncer-
tainties by randomizing the initial condition for pPXF
and running it hundreds of times on the same observed
spectrum, to which a Gaussian noise is randomly added.
As templates for the fitting we use a selection of 156
MILES simple single stellar population (SSP) models
from Vazdekis et al. (2010), covering a wide range of
metallicities (0.02 ≤ Z/Z ≤ 1.58) and ages (between 3
Gyr and 13 Gyr). We also perform the fitting using sin-
gle stars (268 empirical stars from MILES library, uni-
formly sampling effective temperature, metallicity and
surface gravity of the full catalogue of templates) and
also including templates with ages < 3 Gyr.
The results do not change and are always consistent
within the errors, demonstrating that the choice of the
templates does not influence the fitting results.9 Fi-
nally, an additive polynomial is also applied in order to
take into account possible template shape and contin-
uum mismatches and correct for imperfect sky subtrac-
tion or scattered light.
For a general description of the OMEGA-K pipeline,
we refer the reader to above mentioned reference (see
also D’Ago et al. 2018) and the paper in preparation
(D’Ago et al. in prep.). Here, we list the main steps
of the OMEGA-K run specifically adopted for this work
on a single observed spectrum:
1. the observed spectrum and the template libraries
are ingested;
2. the optimal 1σ noise spectrum and pixel mask are
automatically tuned;
3. 256 Monte Carlo re-samplings of the observed
spectrum using a random Gaussian noise from the
1σ noise spectrum are produced;
4. 256 sets of initial guesses (for the redshift and the
velocity dispersion) and of fitting parameters (ad-
ditive polynomial degree, number of momenta of
the line-of-sight velocity distribution to be fitted,
random shift of the fitting wavelength range) are
produced in order to allow for a complete boot-
strap approach within the parameter space, and
to avoid internal biases in the pipeline;
5. 256 pPXF runs are performed in parallel and the
results from each run are stored (outliers and too
noisy reproductions of the observed spectra are au-
tomatically discarded);
6. the final redshift and velocity dispersion for each
observed spectrum, together with their error are
defined as the mean and the standard deviation of
the result distribution from the accepted fits.
Among the 257 fits performed on each spectrum (256
from the OMEGA-K bootstrap stage, plus the fit on
the original observed spectrum), we discard the ones
9 We note that the stellar templates are used only to infer the
kinematics, i.e. to measure the shift and the broadening of the
stellar absorption lines. Given the low S/N of our spectra, we do
not perform any spectroscopic stellar population analysis.
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for which the best fit fails to converge or the measured
kinematics is unrealistically low or unrealistically high.
As a lower and upper limit on the velocity, we choose
thresholds of 110 and 500 km s−1, respectively. The low
limit is slightly smaller than the typical velocity scale of
the instrument, which we measure to be ∼120 km s−1.
On the other hand, we used 500 km s−1as a high up-
per limit in order to incorporate any possible source of
uncertainty related to the pipeline, without artificially
reduce the errors on our estimates.
We define the success rate (SR) as the ratio between
the number of accepted fits over the total 257 attempts.
Finally, OMEGA-K derives a mean spectrum of the
accepted fits and performs a measurement of the S/N on
its residuals ((S/N)O−K). D’Ago et al. (2018) showed,
using mock data, a large sample of SDSS spectra and the
entire GAMA DR3 spectroscopic database, that kine-
matics values with SR > 65% and (S/N)O−K > 5/px
can be considered totally reliable. This S/N ratio is also
consistent with what found in Hopkins et al. (2013, and
reference therein).
The uncertainties on our measures are unfortunately
very large. To assess the effect of such large errors on our
findings, we separate the ucmgs in two groups: those
with “high-quality” (HQ) velocity dispersion measure-
ments and those with “low-quality” (LQ) ones. For this
purpose, we use a combination of three“quality criteria”:
the aforementioned SR, the spectral S/N calculated on a
common wavelength range covered by all the spectra (see
Section 3.3) and the (S/N)O−K from the OMEGA-K
pipeline (calculated over different wavelength ranges for
different spectra). We visually inspect the spectra and
their fit one by one in order to set reliable thresholds for
these criteria. We set-up the following quality low lim-
its: SR = 0.3, S/Nspec = 3.5 and (S/N)O−K = 6.5/px.
We then classify as HQ objects, the ones above these
limits.
In Figure 5 we show two examples of the ppxf fit
obtained with OMEGA-K on the spectra of two dif-
ferent objects from the sample of the 33 ucmg candi-
dates for which we obtain new spectroscopy in this pa-
per. These two spectra are representative of the full
sample since they have been observed with two different
instruments and one is classified as high-quality while
the other as low-quality. The upper panel shows the
galaxy KIDS J090412.45-001819.75 (ID = 15), from the
ucmg tng 2017 sample, which is classified as HQ and
has a large velocity dispersion (σ = 412±81 km s−1). In-
stead, the lower panel shows the spectrum of the galaxy
KIDS J085700.29–010844.55 (ID = 1), which belongs to
ucmg int 2017. This object, classified as LQ, has a rel-
atively lower velocity dispersion (σ = 187± 85 km s−1)
and is one of the worse cases with very low spectral S/N.
In addition to the 33 new ucmg candidates presented
in this paper, we also apply the same kinematics pro-
cedure to the 28 ucmg candidates from T18, 6 ob-
served with TNG and 22 with NTT, to which we re-
fer to as ucmg tng t18 and ucmg ntt t18 sample,
respectively.
In general, the velocity dispersion values from
OMEGA-K are derived from 1D spectra using vari-
ous slit widths and extracted using different number of
pixels along the slit length. This means that the velocity
dispersion values are computed integrating light in aper-
tures with different sizes. The ranges of aperture and slit
widths for the new 33 objects presented here and the 28
ucmg candidates from T18 are 1.8′′−3.2′′ and 1.2′′−2′′,
respectively. This is not an ideal situation if we want
to compare velocity dispersion values among different
systems and use these measurements to derive scaling
relations. We will come back to this specific topic in
Section 4.4. Briefly, in order to uniform the estimates,
and correct the velocity dispersion values for the differ-
ent apertures, we first convert the rectangular aperture
adopted to extract the ucmg 1D spectra to an equiv-
alent circular aperture of radius R = 1.025
√
(δxδy/pi),
where δx and δy are the width and length used to ex-
tract the spectrum10. Then, we use the average velocity
dispersion profile in Cappellari et al. (2006), to extrap-
olate this equivalent velocity dispersion to the effective
radius.
Table 3 and Table 4 list the results of the fitting pro-
cedure for our sample and that of T18. We report the
measured spectroscopic redshifts and the velocity dis-
persion values, each with associate error, the velocity
dispersion values corrected to the effective radii (σe) and,
the equivalent circular apertures for the whole sample
of 61 ucmgs. We also present the photometric redshifts
to provide a direct comparison with the spectroscopic.
Finally, the four following columns indicate the three
parameters we use to split the sample in high- and low-
quality and the resulting classification for each object.
In addition, we correct the value of the spectroscopic
redshift for the object with ID number 46 (corresponding
to ID 13 in T18) respect to the wrong one reported in
T18. Although this changes the value of Re the result
of the spectroscopic validation remains unchanged and
the galaxy is still a confirmed ucmg. The 28 galaxies
from T18 are reported in the same order as the previous
10 The same formula was adopted in Tortora et al. (2014), but
reported with a typo in the printed copy of the paper.
14 Scognamiglio et al.
Figure 5. Two examples of ppxf fits obtained with
OMEGA-K on the spectra of two different ucmgs, one of
the best HQ system and one of the worse LQ system, thus
representative of the whole sample, observed with two differ-
ent telescopes. For each panel we plot the galaxy spectrum
in black, the best template fit in red and the regions excluded
from the fit as blue lines. We note that the fit is performed
only outside the gray shaded regions. Finally, we highlight
stellar absorption lines in red and show the residuals of the
plot below each panel.
paper but continuing the numeration (in terms of ID) of
this paper.
4. RESULTS
Although the photometric redshifts generally repro-
duce quite well the spectroscopic ones (Figure 6), small
variations in zphot can induce variations in Re and M?
large enough to bring them outside the limits for our def-
inition of ucmg (i.e., it might happens that Re > 1.5 kpc
and/or M? < 8× 1010M). Thus, having obtained the
spectroscopic redshifts, we are now able to re-calculate
both Re and M?, and find how many candidates are still
ultra-compact and massive according to our definition.
Following the analysis of T18, in the next subsections
we study the success rate of our selection and systemat-
ics in ucmg abundances. We then quantify the ucmg
number counts, comparing our new results with the ones
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Figure 6. Spectroscopic vs photometric redshifts. Red tri-
angles are for the new sample of 33 ucmg candidates ana-
lyzed in this paper with redshifts measured from observations
at INT and TNG. Black squares are relative to the set of 28
ucmg KiDS candidates with redshifts measured from obser-
vations at TNG and NTT presented in T18. Blue points
are for a parent sample of galaxies with SDSS and GAMA
spectroscopy (extracted from KiDS spec), used by Cavuoti
et al. (2015b) as a test set for the validation of the photomet-
ric redshift determination. We find a good agreement with
the 1-to-1 relation for most of the objects in For all the all
the datasets.
in the literature. We finally show where the final sam-
ple of spectroscopically confirmed objects (i.e., the ones
presented in T18 plus the ones presented here) locates
on the M∗ − σ plane, to establish some basis for future
analysis of the scaling relation.
4.1. ucmgs validation
In Figure 6 we compare the spectroscopic redshifts
measured for the candidates of this paper with the
photometric redshift values (red triangles). The re-
sults are also compared with the 28 ucmg from T18
(black squares) and with a sample of galaxies with SDSS
and GAMA spectroscopy (blue points) from KiDS–DR2
(Cavuoti et al. 2015b). As one can clearly see from the
figure, the distribution of the new redshifts is gener-
ally consistent with what found using the full sample of
galaxies included in KiDS–DR3, on average reproducing
well the spectroscopic redshifts.
The agreement on the redshifts can be better quanti-
fied by using statistical indicators (Cavuoti et al. 2015b;
T18). Following the analysis of T18, we define this quan-
tity:
∆z ≡ zspec − zphot
1 + zspec
, (3)
then we interpret the scatter as the standard deviation
of ∆z, and bias as the absolute value of the mean of
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Table 3. Results of the fitting procedure on the spectra belonging to the three observational runs presented here:
ucmg int 2017, ucmg tng 2017, ucmg tng 2018. The columns from left to right list: the galaxy ID, the photometric
redshift, the measured spectroscopic redshift with its error, the measured velocity dispersion in km s−1 with its error, the cor-
rected velocity dispersion to the effective radius, the equivalent circular aperture in arcsec. Finally, in the final four columns, we
also report the success rate, the signal-to-noise ratio per pixel calculated in the range 3600 − 4600 A˚, the signal-to-noise ratio
per pixel calculated over the region used for the fit by OMEGA-K, and the quality level of the velocity dispersion estimates,
based on these three quality parameters.
ID zphot zspec ±∆zspec σ ±∆σ σe Aperture SR (S/N)spec (S/N)O−K Quality level
1 0.28 0.2696± 0.0002 197± 85 211 0.97 0.62 1.99 6.13 LQ
2 0.26 0.3158± 0.0002 195± 52 210 0.97 0.77 3.21 5.69 LQ
3 0.26 0.2995± 0.0003 268± 76 291 1.21 0.79 2.50 6.19 LQ
4 0.45 0.3084± 0.0005 234± 86 281 0.97 0.30 2.18 4.23 LQ
5 0.37 0.4401± 0.0003 142± 33 161 0.97 0.07 4.00 6.87 LQ
6 0.22 0.2988± 0.0002 202± 48 217 1.21 0.75 2.42 7.27 LQ
7 0.23 0.3221± 0.0002 208± 84 224 0.97 0.15 2.96 6.71 LQ
8 0.24 0.2976± 0.0002 241± 100 257 0.97 0.59 3.06 6.31 LQ
9 0.34 0.2915± 0.0001 227± 84 251 0.97 0.21 4.07 6.04 LQ
10 0.32 0.3590± 0.0004 265± 100 293 0.97 0.12 2.00 2.05 LQ
11 0.24 0.2797± 0.0003 260± 94 286 0.97 0.85 1.40 4.58 LQ
12 0.28 0.3312± 0.0002 202± 59 218 0.97 0.73 2.70 6.76 LQ
13 0.23 0.2668± 0.0007 259± 113 274 0.97 0.23 1.77 2.89 LQ
14 0.35 0.2946± 0.0003 340± 99 369 0.94 0.66 2.01 3.97 LQ
15 0.27 0.2974± 0.0002 412± 81 451 1.07 0.69 6.90 13.25 HQ
16 0.33 0.3594± 0.0001 268± 84 292 1.01 0.84 6.87 14.32 HQ
17 0.33 0.2656± 0.0006 321± 93 347 1.01 0.43 1.95 8.20 LQ
18 0.32 0.1586± 0.0002 253± 92 276 1.01 0.70 2.93 12.76 LQ
19 0.30 0.3281± 0.0002 230± 91 251 1.18 0.30 2.97 6.27 LQ
20 0.30 0.2728± 0.0003 331± 92 361 1.12 0.21 2.85 5.58 LQ
21 0.33 0.2523± 0.0003 323± 95 366 1.12 0.85 2.62 9.93 LQ
22 0.28 0.2719± 0.0002 355± 99 413 1.18 0.66 5.91 12.72 HQ
23 0.25 0.2971± 0.0002 407± 56 443 1.12 0.79 6.18 17.38 HQ
24 0.33 0.3491± 0.0002 194± 64 215 1.07 0.23 5.79 11.15 LQ
25 0.28 0.2703± 0.0002 274± 57 298 1.12 0.91 6.80 18.11 HQ
26 0.32 0.1984± 0.0002 287± 57 316 1.18 0.89 3.96 17.92 HQ
27 0.33 0.2843± 0.0002 241± 53 267 1.23 0.91 5.08 15.85 HQ
28 0.33 0.4203± 0.0002 172± 63 191 1.18 0.02 6.59 11.69 LQ
29 0.29 0.3116± 0.0002 164± 39 177 1.01 0.52 7.74 15.65 HQ
30 0.39 0.2994± 0.0002 289± 52 319 1.12 1.00 8.53 24.59 HQ
31 0.41 0.4655± 0.0001 253± 57 280 1.18 0.98 9.18 18.13 HQ
32 0.29 0.3382± 0.0003 277± 85 301 1.18 0.88 3.51 9.73 HQ
33 0.43 0.4028± 0.0003 299± 91 335 1.28 0.84 4.96 9.16 HQ
∆z. We find a bias of 0.0008 and a scatter of 0.0516 for
our 33 systems. These estimates show a larger scatter of
the new sample with respect to the sample of galaxies in
T18, for which we found a bias of 0.0045 and a standard
deviation of 0.028.
Since we use a new stellar mass calculation set-up
with respect to the one in T18, we recalculate sizes and
masses, with both zphot and zspec for the final, total,
spectroscopic sample of 61 systems. The results are pro-
vided in Table 5 and Table 6, where we also report, in
the last column, the ucmgs spectral validation.
Using the face values for masses and sizes inferred from
the spectroscopic redshifts, we confirm as ucmgs 19 out
of 33 new ucmg candidates. This corresponds to a suc-
cess rate of 58%, a number which is fully consistent with
the 50−60% estimate found in T18. Moreover, using the
new mass set-up, 27 out the 28 objects of T18 are still
ucmg candidates according to the mass selection using
16 Scognamiglio et al.
Table 4. Same as Table 3, but for the samples ucmg tng t18 and ucmg ntt t18.
ID zphot zspec ±∆zspec σ ±∆σ σe Aperture SR (S/N)spec (S/N)O−K Quality level
34 0.29 0.3705± 0.0001 361± 63 392 1.12 0.98 15.05 22.41 HQ
35 0.22 0.2175± 0.0004 404± 101 446 1.59 0.31 7.68 14.62 HQ
36 0.35 0.4078± 0.0002 366± 79 412 1.33 0.93 6.70 14.33 HQ
37 0.31 0.3341± 0.0002 218± 54 242 1.12 0.92 7.84 17.82 HQ
38 0.42 0.3988± 0.0003 390± 71 448 1.01 0.75 5.33 12.67 HQ
39 0.36 0.3190± 0.0004 226± 65 245 1.01 0.82 4.14 10.20 HQ
40 0.20 0.3019± 0.0002 432± 41 464 0.69 0.73 2.09 6.75 LQ
41 0.35 0.3853± 0.0001 211± 40 223 0.69 0.98 3.69 10.92 HQ
42 0.28 0.2367± 0.0003 225± 34 235 0.69 1.00 2.38 9.30 LQ
43 0.29 0.2801± 0.0001 196± 39 214 0.69 0.94 2.77 9.55 LQ
44 0.31 0.2789± 0.0001 218± 34 235 0.69 1.00 3.67 12.46 HQ
45 0.27 0.2888± 0.0001 195± 46 216 0.69 0.94 3.09 9.30 LQ
46 0.31 0.3618± 0.0053 181± 68 196 0.69 0.09 1.39 4.08 LQ
47 0.25 0.2622± 0.0003 340± 53 363 0.69 0.99 2.31 7.65 LQ
48 0.27 0.2949± 0.0003 280± 50 295 0.69 1.00 3.79 10.53 HQ
49 0.28 0.2974± 0.0001 142± 22 149 0.69 0.58 3.54 10.01 HQ
50 0.29 0.3188± 0.0001 387± 63 408 0.69 0.96 3.88 11.85 HQ
51 0.34 0.3151± 0.0001 154± 29 166 0.69 0.66 3.82 11.69 HQ
52 0.22 0.2124± 0.0001 252± 43 265 0.69 1.00 1.64 9.19 LQ
53 0.25 0.2578± 0.0002 183± 48 194 0.69 0.68 2.37 9.73 LQ
54 0.34 0.3024± 0.0009 214± 66 226 0.69 0.70 1.97 4.14 LQ
55 0.31 0.3667± 0.0001 244± 30 262 0.69 1.00 4.99 13.10 HQ
56 0.32 0.4070± 0.0001 322± 54 342 0.69 1.00 4.82 10.60 HQ
57 0.33 0.2612± 0.0001 219± 44 233 0.69 0.99 3.00 10.88 LQ
58 0.27 0.2818± 0.0002 218± 64 227 0.69 0.92 2.41 7.38 LQ
59 0.23 0.2889± 0.0002 209± 52 221 0.69 0.95 2.80 9.99 LQ
60 0.34 0.3393± 0.0001 155± 30 167 0.69 0.73 4.59 10.78 HQ
61 0.31 0.2889± 0.0001 220± 33 236 0.69 1.00 2.47 8.67 LQ
the photometric redshift values, and 18 are spectroscop-
ically confirmed ucmgs. This corresponds to a success
rate of 67%. In total, we confirmed 37 out of 61 ucmgs,
with a success rate of 60%. Considering only the new
19/33 confirmed ucmgs, we find a bias of 0.016 and a
scatter of 0.037 in the zphot – zspec plot. This reflects
the expectation that the objects with a larger scatter
after the validation do not result compact and massive
anymore according to our formal definition.
A very important point to stress here is that in the
validation process we do not propagate the error on
the photometric and spectroscopic redshifts into masses
and sizes errors. We simply use the face values and in-
clude/exclude galaxies on the basis of the resulting nom-
inal size and mass values. This might lead us to loose
some galaxies at the edges, but it simplifies the analysis
of the systematics, necessary to correct the number den-
sity (see Section 4.3). If we take into account the average
statistical 1σ-level uncertainties for the measured effec-
tive radii and the stellar masses calculated in T18 (see
the paper), i.e. δRe ∼ 20% and δ log10(M?/M) ∼ 0.15,
we confirm as ucmgs 57 out of 61 ucmg candidates
(∼ 93%). If we consider, instead, the 3σ-level uncertain-
ties, all the candidates are statistically consistent with
the ucmg definition. In the following, we analyze the
systematics considering the face values for Re and M?
in the selection.
4.2. Contamination and incompleteness
One of the main aims of our spectroscopic campaigns
is to quantify the impact of systematics on the ucmg
photometric selection. Because of the uncertain pho-
tometric redshifts, the candidate selection: 1) includes
“contaminants” (or false-positives), i.e., galaxies which
are selected as ucmgs according to their photometric
redshifts, but would not result ultra-compact and mas-
sive when recalculating the masses on the basis of the
more accurate spectroscopic redshift values (see T16 and
T18) and 2) “missed” systems (or false-negatives), i.e.,
those galaxies which are not selected as ucmgs accord-
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Table 5. Photometric and spectroscopic parameters (red-
shifts, median effective radii in kpc and stellar masses)
for the validation of the new samples: ucmg int 2017,
ucmg tng 2017, and ucmg tng 2018. The last column
indicates the spectral validation response: “Y” if the can-
didate is a confirmed ucmg, (i.e. log10(M?/M) > 10.9 and
Re < 1.5 kpc), “N” if it is not.
ID z Re log10(M?/M) Spec.
phot spec phot spec phot spec Valid.
1 0.28 0.27 1.43 1.39 11.03 11.00 Y
2 0.26 0.32 1.23 1.43 10.94 11.07 Y
3 0.26 0.30 1.36 1.51 10.92 11.21 N
4 0.45 0.31 0.35 0.28 11.29 10.83 N
5 0.37 0.44 0.71 0.79 11.32 11.24 Y
6 0.22 0.30 1.44 1.81 10.93 11.20 N
7 0.23 0.32 1.12 1.42 10.92 11.27 Y
8 0.24 0.30 1.36 1.60 10.93 11.06 N
9 0.34 0.29 1.04 0.94 10.92 10.73 N
10 0.32 0.36 0.98 1.06 11.21 11.19 Y
11 0.24 0.28 1.31 0.96 10.98 10.99 Y
12 0.28 0.33 1.30 1.45 10.95 11.07 Y
13 0.23 0.27 1.50 1.69 11.03 11.03 N
14 0.35 0.29 1.37 1.20 11.08 10.96 Y
15 0.27 0.30 1.13 1.22 11.08 11.10 Y
16 0.33 0.36 1.28 1.36 11.25 11.34 Y
17 0.33 0.27 1.47 1.28 11.16 10.97 Y
18 0.32 0.16 1.25 0.74 10.98 10.61 N
19 0.30 0.33 1.38 1.47 11.01 10.83 N
20 0.30 0.27 1.37 1.27 10.95 10.97 Y
21 0.33 0.25 0.81 0.67 10.99 10.82 N
22 0.28 0.27 0.50 0.49 11.01 10.85 N
23 0.25 0.30 1.22 1.39 11.12 11.26 Y
24 0.33 0.35 1.07 1.11 11.01 11.06 Y
25 0.28 0.27 1.30 1.27 10.97 10.94 Y
26 0.32 0.20 1.28 0.90 10.92 10.46 N
27 0.33 0.28 1.26 1.12 10.97 10.85 N
28 0.33 0.42 1.14 1.32 11.00 11.25 Y
29 0.29 0.31 1.42 1.49 10.99 10.99 Y
30 0.39 0.30 1.35 1.14 11.02 10.78 N
31 0.41 0.47 1.37 1.49 10.93 11.03 Y
32 0.29 0.34 1.48 1.65 11.06 11.18 N
33 0.43 0.40 1.30 1.24 11.31 11.24 Y
ing to their photometric redshifts, but would be selected
using the spectroscopic values instead (i.e., they are real
ucmgs that our selection excluded). Thus, following
T18, we define the contamination factor, CF the inverse
of the success rate discussed in the previous subsection,
to account for the number of “contaminants” and the in-
completeness factor, IF the difference between the num-
Table 6. Same as Table 5, but for the ucmg tng t18 and
ucmg ntt T18 samples.
ID z Re log10(M?/M) Spec.
phot spec phot spec phot spec Valid.
34 0.29 0.37 1.43 1.68 10.97 11.35 N
35 0.22 0.22 1.28 1.27 11.12 11.11 Y
36 0.35 0.41 1.09 1.19 10.92 10.97 Y
37 0.31 0.33 1.06 1.10 10.73 10.80 N
38 0.42 0.40 0.67 0.66 10.98 10.94 Y
39 0.36 0.32 1.46 1.36 10.99 10.87 N
40 0.2 0.30 1.11 1.06 10.94 10.94 Y
41 0.35 0.39 1.45 1.54 11.37 11.43 N
42 0.28 0.24 1.47 1.32 10.91 10.84 N
43 0.29 0.28 0.81 0.80 11.01 10.99 Y
44 0.31 0.28 1.01 0.95 11.01 10.77 N
45 0.27 0.29 0.62 0.65 10.99 11.00 Y
46 0.31 0.36 0.92 1.01 10.95 10.94 Y
47 0.25 0.26 1.02 1.04 10.97 10.94 Y
48 0.27 0.29 1.29 1.36 11.04 11.09 Y
49 0.28 0.30 1.36 1.42 10.91 10.97 Y
50 0.29 0.32 1.36 1.43 11.02 11.04 Y
51 0.34 0.32 1.04 0.99 10.98 10.89 N
52 0.22 0.21 1.11 1.08 10.96 10.70 N
53 0.25 0.26 1.15 1.16 10.95 10.97 Y
54 0.34 0.30 1.47 1.37 11.03 10.93 Y
55 0.31 0.37 1.10 1.24 10.96 11.13 Y
56 0.32 0.41 1.29 1.50 11.22 11.20 Y
57 0.33 0.26 1.27 1.07 10.96 10.81 N
58 0.27 0.28 1.49 1.54 11.00 11.04 N
59 0.23 0.29 1.10 1.30 10.94 11.12 Y
60 0.34 0.34 1.05 1.05 10.99 10.99 Y
61 0.31 0.29 1.08 1.03 11.09 11.03 Y
ber of ucmg candidates using zspec and zphot, to esti-
mate the incompleteness of the sample, i.e. quantifying
the number of “missing” objects.
In this section we only report the average values for
these factors across the full redshift range. We use in-
stead different values calculated in different redshift bins
to correct the abundances presented in Section 4.3. To
estimate the fraction of contaminants, we need ucmg
samples selected using the photometric redshifts, but
for which we have also spectroscopic redshifts available.
Thus, we evaluate CF using three different photometri-
cally selected samples with zphot < 0.5:
a) the new sample of 33 ucmg candidates presented
in this paper and discussed in Section 3,
b) 27 (out of 28) ucmg candidates from T18, that sat-
isfy the new mass and size selection based on zphot
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using the new set-up for stellar masses adopted
here, and
c) the sample of 50 photometrically selected galax-
ies introduced in Section 2.2, ucmg phot spec
with measured spectroscopic redshifts from SDSS,
GAMA and 2dFLenS, similar to the one presented
in T18 but selected with the new mass set-up.
For a), the new sample of ucmgs presented in this
paper, we obtain a CF = 1.72 (corresponding to a success
rate of 58%, see Section 4.1). Considering the samples
in b) and c), we find CF = 1.50 and 1.72, respectively.
Joining these three samples, we collect a sample of 110
ucmg candidates, of which 68 have been validated after
spectroscopy, implying a cumulative success rate of 62%
or CF = 1.62.
To quantify how many real ucmgs are missing from
the photometric selection (incompleteness), we need
to use objects with spectroscopic redshifts available
from the literature. Thus, to determine IF , we use
ucmg spec: the sample of spectroscopically validated
ucmgs with spectroscopic redshifts from SDSS, GAMA
and 2dFLenS. This sample updates and complements
the one already presented in T18 (Tables C1 and C2)
and consists of 54 galaxies between 0.15 < z < 0.5. The
basic photometric and structural parameters for these
ucmgs in the spectroscopically selected sample is given
in the Appendix. Only 29 out of 54 galaxies, i.e., 54%,
would have been selected as candidates using zphot in-
stead of zspec, which corresponds to IF = 1.86.
Having estimated contaminants and incompleteness,
we can now obtain the correction factor for the number
counts, as IF /CF . In conclusion, we find that the true
number counts for ucmgs at z < 0.5 would be ∼ 15%
higher than the values one would find in a photometri-
cally selected sample, on average. This is valid for the
whole redshift range we consider here. In the next sec-
tion, instead, we calculate a correction in each single
redshift bin to minimize the errors on number counts.
4.3. ucmg number counts
ucmg number counts are calculated following the pro-
cedure outlined in T18. For completeness, we report
here some details.
Taking into account the two systematic effects dis-
cussed in Section 4.2, we correct the number counts
of the 1221 candidates in ucmg full. In Figure 7
we plot the uncorrected and corrected counts as open
squares/dashed line and filled squares/solid line respec-
tively. We bin galaxies in four redshift bins (z ∈
(0.15, 0.2), (0.2, 0.3), (0.3, 0.4), (0.4, 0.5)) and normalize
to the comoving volume corresponding to the observed
KiDS effective sky area of 333 deg2 (see T18 for further
details). The errors on number counts take into account
fluctuations due to Poisson noise, as well as those due to
large-scale structure, i.e. the cosmic variance11. For this
calculation, we use the number of spectroscopically val-
idated ucmgs in each redshift bin. The uncertainties in
stellar mass and effective radius measurements are also
included in the error budget (as discussed in T18). The
number density expectation for the KiDS tile centered
on the COSMOS field is also plotted as a gray star. In-
creasing the number of confirmed objects, thanks to the
validation presented in this paper, we are able to reduce
the error budget from cosmic variance and Poisson noise
of 5− 25%, in the four redshift bins.
The final result is fully consistent with the one found
in T18 and shows a decrease of number counts with
cosmic time, from ∼ 9 × 10−6 Mpc−3 at z ∼ 0.5, to
∼ 10−6 Mpc−3 at z ∼ 0.15. The number of ucmgs de-
creases by a factor of ∼ 9 in about 3 Gyr.
Following T18, we also compare our findings to lower
redshift analyses (Trujillo et al. 2009; Poggianti et al.
2013c; Taylor et al. 2010; Trujillo et al. 2014; Saulder
et al. 2015), and to other intermediate redshifts studies
(Damjanov et al. 2014, BOSS; Damjanov et al. 2015a,
COSMOS). The reader is referred to T18 for a more de-
tailed comparison between the different literature results
and a detailed discussion on the impact of the different
thresholds and selection criteria that different publica-
tions have used. In particular, we do not plot here the re-
sults obtained in Charbonnier et al. (2017) and Buitrago
et al. (2018), since these authors use less restrictive size
criterion (Re < 2 kpc). However, including these results,
we would have a perfect agreement with number densi-
ties reported in Charbonnier et al. (2017) in terms of
normalization and evolution with redshift.
Finally, we also make a comparison with the results
presented in Quilis & Trujillo (2013), who have deter-
mined the evolution of the number counts of compact
galaxies from Semi-analytical models, based on the Mil-
lennium N-body simulations by Guo et al. (2011, 2013).
They define “relic compacts” those galaxies with mass
changing less than 10 and 30 per cent, from z ∼ 2.
The redshift evolution predicted by these simulations
is milder than that obtained with our data, which are in
agreement with COSMOS selection at z ∼ 0.5 instead
(Damjanov et al. 2015a), and with the most recent num-
ber density determination in local environment made by
Trujillo et al. (2014).
11 These sources of errors are calculated with the public cos-
mic variance calculator available at http://casa.colorado.edu/$\
sim$trenti/CosmicVariance.html (Trenti & Stiavelli 2008)
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In the bottom panel of Figure 7 we directly compare
our uncorrected and corrected (for systematics) counts
with those found in T18, where we used two different set-
ups for the stellar mass derivation, both of them without
any constraints on ages and metallicity (which we in-
stead set here in this paper, as described in Section 2.1).
In particular, the MFREE masses (red lines and points
in the plot) do not include zero-point calibration errors,
while MFREE–zpt ones (blue points) include such con-
tribution. Our results are in a good agreement with the
reference T18 results assuming MFREE, and consistent
within 2σ with the T18 results assuming MFREE–zpt.
It is important to remark that in Figure 7 we obtain
number counts for all the ucmgs, without any distinc-
tion between relics (old stellar population) and non relics
(young stellar population). Unfortunately the spectra
obtained here and in our previous runs (T18) do not
reach a signal-to-noise high enough to allow us to per-
form an in-depth stellar population analysis. This is
however a conditio-sine qua non to isolate these com-
pact and massive galaxies whose stellar population is as
old as the Universe and has been formed “in situ” dur-
ing the first phase of the two-phase formation scenario
(Oser et al. 2010). We will thus postpone this more
detailed analysis and the redefinition of the obtained
number densities to a future publication where we will
remove the non-relic contaminants thanks to spectro-
scopic stellar population modeling.
4.4. Relationship between stellar mass and velocity
dispersion
The correlation between luminosity (or stellar mass)
and velocity dispersion in elliptical galaxies is a well es-
tablished scaling relation (Faber et al. 1976; Hyde et al.
2009). The location of ucmgs in a mass–velocity dis-
persion diagram (M∗ − σ) can give remarkable insights
on their intrinsic properties (Saulder et al. 2015). In-
deed, given the compact sizes of ucmgs, the virial theo-
rem predicts larger velocity dispersions with respect to
normal-sized galaxies of similar mass. This has also been
directly confirmed with deep spectroscopy of a handful
of these objects at high redshift (vanDokkum et al. 2009;
Toft et al. 2012) and of the three local relics (Ferre´-
Mateu et al. 2017). Therefore, ucmgs should segregate
in this parameter space, having a mass–velocity disper-
sion correlation that deviates from the one of normal-size
galaxies. Also, being this M∗ − σ relation intimately
connected to the assembly of baryons and dark mat-
ter, it can also provide important constraints on our
understanding of the formation and evolution of these
systems. This might be particularly important in the
specific case of relics.
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Figure 7. Panel a. Filled (open) black squares, with solid
(dashed) line, quoted as KiDS-corr(KiDS) in the legend, plot
the number density after (before) correction for systematics,
for the selected sample assuming reference masses. Error
bars denote 1σ uncertainties, taking into account Poisson
noise, cosmic variance and errors on M? and Re (see the
text for more details). The gray star is for the ucmg candi-
dates at z < 0.5 found in the tile KIDS 150.1 2.2 centered
on COSMOS field. Other colored symbols are number den-
sity obtained from other papers, as described in the caption.
Panel b. Number counts obtained here are compared with
those presented in T18, named MFREE and MFREE–zpt,
see the text for more details.
In this section we present a preliminary result on the
M∗ − σ relation, based on the velocity dispersion mea-
surements presented in Section 3.4.
In Figure 8 we plot the M∗ − σ distribution of the 37
12 confirmed ucmgs (squared symbols).
For comparison, we overplot a sample of normal-sized
ETGs (red small dots) analyzed in Tortora et al. (2018)
and derived from SDSS-III/BOSS (Baryon Oscillation
Spectroscopic Survey) Data Release 1013 (DR10, Ahn
et al. 2014). We restrict the BOSS sample to the redshift
12 We have in total 19 confirmed systems from the three new
spectroscopic runs and 18 from the runs presented in T18 and
confirmed on the basis of the new mass-calculation set-up.
13 The data catalogs are available from http://www.sdss3.org/
dr10/spectro/galaxy portsmouth.php.
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range 0.15 . z . 0.5, to provide a direct comparison
with the sample of ucmgs. For these systems, in Tortora
et al. (2018) we have derived stellar masses using the
same set-up adopted in this paper, while the velocity
dispersion values are originally measured in a circular
aperture of radius 1 arcsec.
The distribution of all the confirmed ucmgs presents
a large scatter, which is mainly the consequence of the
large errors on the velocity dispersion values (see typi-
cal error bars on top right corner of the figure). We plot
with full squares ucmgs classified in the high-quality
group and open squares the ones belonging to the low
quality group, according to the definition given in Sec-
tion 3.4.
Finally, in order to highlight significant patterns in
this figure, we also plot the running mean and 1σ scatter
for the ucmgs and BOSS galaxies. The running means
obtained from the ucmgs in the HQ subsample (i.e. the
grey shaded region in the figure) and that obtained for
all the normal-sized BOSS galaxies (i.e. red region) dif-
fer significantly. The ucmgs have systematically larger
velocity dispersions at any fixed mass, especially above
logM∗/M = 11.05, and this result is consistent with
other studies of high–z systems (vanDokkum et al. 2009;
Toft et al. 2012) and local massive relics (Ferre´-Mateu
et al. 2017). The offset almost disappears when includ-
ing the LQ ucmgs, which, at least for larger masses, are
scattered toward lower σ and are consistent with the
normal ETG distribution within the (large) errors.
We consider the offset between BOSS and HQ ucmgs
robust and statistically significant, although we antici-
pate that with better data we will be able to improve
the measurement errors and also increase the size of the
sample. Nevertheless, taking these finding at face value,
one can speculate about possible explanations for this
offset. The first possibility is that more compact mas-
sive galaxies host a more massive black hole (e.g. van
den Bosch et al. 2012, 2015; Ferre´-Mateu et al. 2017)
which might influence the kinematics in the innermost
region. Another possibility is that the IMF in very mas-
sive galaxies can be different from an universal Milky
Way-like IMF. However, whereas for larger galaxies the
bottom-heavy IMF is restricted only in the very central
region (∼ 0.2 – 0.3Re), for relics the IMF is heavier than
Salpeter everywhere up to few effective radii. One phys-
ical scenario able to explain this difference would be that
only the “in situ” stars formed during the first phase of
the assembly of massive ETGs form with a dwarf-rich
IMF, while accreted stars (only present in normal-sized
ETGs) form with a standard IMF (Chabrier et al. 2014).
We will investigate these possibilities in a dedicated
paper, already in preparation. There, we will compare
Figure 8. Distribution on the M∗ − σ plane for the 37 con-
firmed ucmgs compared with a sample of elliptical galaxies
(red symbols) from the BOSS survey. Filled squared sym-
bols are ucmgs classified as high quality (HQ), with spectra
that satisfy at the same time the three conditions SR ≥ 0.3,
S/Nspec ≥ 3.5 and (S/N)O−K ≥ 6.5. Empty squares are
instead classified as low-quality (LQ) since their spectra do
not satisfy one or more of the aforementioned criteria. For
each sample, running means and 1σ scatter are overplotted.
In the top-right corner we show the mean error bar for the
ucmg velocity dispersions. For bot ucmgs and the sample
of ellipticals, velocity dispersions are calculated within 1 ef-
fective radius, as explained in the text.
these (and new) measurements with theoretically moti-
vated predictions, including more than one galaxy for-
mation recipe. We will check whether the M∗− σ rela-
tion preserves the footprints of the stellar and dark as-
sembly of these systems, trying to quantify the dynami-
cal contribution of a central supermassive black hole and
a bottom-heavy IMF.
In conclusion, given the large uncertainties on the ve-
locity dispersion measurements and the fact that we
cannot yet distinguish between relics and non-relics, we
provide here only some preliminary speculative explana-
tions. In the future, we aim at consolidating this result
with a larger number of systems, to increase the statis-
tics, and using spectroscopic data of better quality, in
order to have more robust velocity dispersion estimates.
With new, better spectroscopic data we will also be able
to constrain the age of the systems, which is the crucial
ingredient to identify relics among the confirmed ucmgs.
5. CONCLUSIONS
The existence of ultra-compact massive galaxies
(ucmgs) at z < 1 and their evolution up to the lo-
cal Universe challenges the currently accepted galaxy
formation models. In the effort of “bridging the gap”
between the high redshift red nuggets and the local
relics, we have started a census of ucmgs at interme-
diate redshifts. In particular, in the first paper of this
ucmgs in KiDs 21
series (Tortora et al. 2016), we have demonstrated that
the high image quality, the large area covered, the ex-
cellent spatial resolution and the exquisite seeing of
the Kilo Degree Survey (KiDS) make this survey per-
fect to find ucmgs candidates. In the second paper
(Tortora et al. 2018b) we have started a multi-site and
multi-telescope spectroscopic observational campaign to
confirm as many candidates as possible with the final
goal of building the largest spectroscopically confirmed
sample of ucmgs in the redshift range 0.15 . z . 0.5.
In this third paper of the series, we have continued in
this direction and we have:
• spectroscopically followed up a sample of 33 ucmg
candidates at redshifts 0.15 . z . 0.5, found in
333 deg2 of KiDS. We have provided details on
how the galaxies have been photometrically se-
lected and discussed the spectroscopic campaign
on the INT and TNG telescopes, including also the
main data reduction steps for each instrument;
• obtained the spectroscopic redshift and velocity
dispersion values for these objects and for the 28
objects already presented in T18. To this pur-
pose, we have used the Optimised Modelling of
Early-type Galaxy Aperture Kinematics pipeline
(OMEGA-K, D’Ago et al., in prep.);
• confirmed 19 out of 33 as ucmgs, with the newly
spectroscopically based masses and effective radii.
This translates into a success rate of 58%, in good
agreement with the one reported in T18. In addi-
tion, using the new mass set-up we have confirmed
18 out of 27 ucmgs from T18, corresponding to a
success rate of 67%. One galaxy from T18 did not
qualify as ucmg candidate when re-computing its
mass with the newly defined set-up. Thus, in to-
tal, we confirm as ucmgs 37 out of 61 candidates,
implying a success rate of 60%. Allowing a toler-
ance at the 1σ-level (3σ-level) on the effective radii
and stellar masses inferred from the spectroscopic
redshifts, we confirm as ucmgs 57 (61) out of 61
ucmg candidates with a success rate of ∼ 93%
(100%);
• quantified the effect of contamination and incom-
pleteness due to the difference in redshift between
the photometric and spectroscopic values. We
have found that the true number counts for ucmgs
at z < 0.5 is ∼ 15 per cent higher than the values
found in a photometrically selected sample;
• obtained the ucmg number counts, after correct-
ing them with the incompleteness and the contam-
ination factors, and their evolution with redshift in
the range 0.15 < z < 0.5. We have also compared
our new results with these obtained in T18, using
a different set-up for the mass inference and in the
literature. We have confirmed the clear decrease
of the number counts with the cosmic time already
found in T18, from ∼ 9× 10−6 Mpc−3 at z ∼ 0.5,
to ∼ 10−6 Mpc−3 at z ∼ 0.15, ∼ 9 times less in
about 3 Gyr;
• shown the distribution of the 37 confirmed ucmgs
in the M∗−σ plane. We have corrected the sigma
values to a common aperture of one effective radius
in order to compare the ucmgs distribution with
that of a sample of normal-sized ellipticals from
the BOSS Survey. Despite the large uncertain-
ties on the velocity dispersion measurements, due
to the low signal-to-noise of the spectra, we found
tentative evidence suggesting that the ucmgs have
larger values compared to regular ETGs of same
mass. This seems to be statistically significant at
least for the high-quality sample and large masses.
This preliminary result, in agreement with what
expected from the evolution of massive and com-
pact galaxies, will be checked again once new,
higher resolution spectroscopy (already awarded)
will be obtained.
After KiDS will be completed, we expect to at least
double the number of confirmed ucmgs, and thus re-
duce by a factor ∼ 40% the uncertainties on the number
counts, while keeping the systematics under full control.
In the future, we also plan to continue to enlarge
the sample of spectroscopically confirmed ucmgs at low
and intermediate redshifts, based on photometric can-
didates from the KiDS survey. Moreover, thanks to
already awarded spectroscopic data with much higher
S/N, which will allow us to perform a detailed stellar
population analysis, we will separate relics from younger
ucmgs. With the higher signal-to-noise spectra that we
will soon have at our disposal, we aim at unambigu-
ously demonstrate that the majority the objects in our
sample are indeed red and dead, as already indicated
by their photometric colors and that they have formed
their baryonic matter early on in cosmic time, with a
fast and “bursty” star formation episode. In this way,
we will be able to unambiguously confirm the two-phase
formation scenario proposed for the mass assembly of
massive/giant ETGs (Oser et al. 2010).
Relics, ucmgs as old as the Universe, are the only
systems that, with current observing facilities, allow us
to study the physical processes that shaped the mass
assembly of massive galaxies in the high-z universe with
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the amount of details currently reachable only for the
near-by Universe.
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APPENDIX
In order to quantify the impact of the systematics on the ucmg selection, we have created, in Section 4.2 the
ucmg spec sample: a sample of 55 ucmgs with spectroscopic redshifts from the literature, similar to the sample used
in T18 but selected with the new mass set-up. We have gathered these spectroscopic redshifts from SDSS (Ahn et al.
2012, 2014), GAMA (Driver et al. 2011), which overlap the KiDS fields in the Northern cap, and 2dFLenS (Blake et al.
2016), observed in the Southern hemisphere. Here in this Appendix we provide the basic photometric and structural
parameters for such 55 ucmgs in the spectroscopically selected sample. In particular, in Table 7 we show r-band
Kron magnitude, aperture magnitudes used in the SED fitting, spectroscopic redshifts and stellar masses (in decimal
logarithm). Se´rsic structural parameters from the 2dphot fit of g-, r-, and i-band KiDS surface photometry, as such
as χ2s and S/N values, are instead presented in Table 8.
Table 7. Integrated photometry for the 55 systems in the ucmg spec sample. From left we show: a) progressive ID number;
b) KIDS identification name; c) r-band KiDS MAG_AUTO; d-g) u-, g-, r- and i-band KiDS magnitudes measured in an aperture
of 6 arcsec of diameter with 1σ errors; h) spectroscopic redshift. All the magnitudes have been corrected for Galactic extinction
using Schlafly & Finkbeiner (2011) maps.
ID name MAG_AUTO_r u6′′ g6′′ r6′′ i6′′ zphot log10M?/M
L1 KIDS J025942.84–315933.74 18.96 22.61± 0.13 20.39± 0.008 18.97± 0.003 18.52± 0.007 0.29 11.00
L2 KIDS J032700.87–300112.34 20.37 23.02± 0.21 21.93± 0.04 20.34± 0.009 19.43± 0.01 0.33 11.00
L3 KIDS J084320.59–000543.77 18.52 21.55± 0.06 19.71± 0.005 18.53± 0.002 18.12± 0.005 0.24 10.93
L4 KIDS J084738.70+011220.57 18.41 21.78± 0.12 19.70± 0.006 18.44± 0.002 18.02± 0.005 0.18 11.00
L5 KIDS J085335.58+001805.97 18.84 21.67± 0.09 20.13± 0.009 18.95± 0.003 18.63± 0.008 0.33 10.94
L6 KIDS J085344.88+024948.47 18.49 21.63± 0.07 19.70± 0.005 18.50± 0.002 18.08± 0.005 0.23 10.93
L7 KIDS J090324.20+022645.50 17.25 20.24± 0.02 18.34± 0.002 17.34± 0.001 16.98± 0.001 0.19 11.21
L8 KIDS J090935.74+014716.81 18.68 22.52± 0.17 20.15± 0.008 18.75± 0.002 18.23± 0.006 0.22 11.02
L9 KIDS J092055.70+021245.66 18.87 22.80± 0.21 20.37± 0.01 18.89± 0.003 18.46± 0.005 0.28 11.01
L10 KIDS J102653.56+003329.15 17.39 20.49± 0.02 18.52± 0.002 17.45± 0.001 17.04± 0.002 0.17 11.17
L11 KIDS J112825.16–015303.29 20.94 23.90± 0.57 22.56± 0.06 20.91± 0.01 20.19± 0.04 0.46 10.94
L12 KIDS J113612.68+010316.86 19.01 22.07± 0.08 20.26± 0.007 19.02± 0.003 18.59± 0.005 0.22 10.97
L13 KIDS J114248.56+001215.63 17.02 19.72± 0.01 17.95± 0.002 17.14± 0.0008 16.71± 0.001 0.11 10.58
L14 KIDS J115652.47–002340.77 18.83 21.98± 0.09 20.06± 0.007 18.83± 0.003 18.08± 0.006 0.26 11.14
L15 KIDS J120251.61+013825.15 17.89 20.69± 0.03 19.39± 0.003 18.04± 0.001 17.75± 0.003 0.20 11.04
L16 KIDS J120818.93+004600.16 17.74 20.65± 0.03 18.88± 0.004 17.93± 0.001 17.56± 0.002 0.18 10.92
L17 KIDS J120902.53–010503.08 18.83 22.68± 0.21 20.16± 0.008 18.82± 0.003 18.36± 0.008 0.27 11.04
L18 KIDS J121152.97–014439.23 18.60 21.64± 0.08 19.79± 0.006 18.65± 0.003 18.23± 0.005 0.23 10.96
L19 KIDS J121555.27+022828.13 20.56 23.36± 0.32 22.21± 0.04 20.53± 0.01 19.81± 0.02 0.47 10.97
L20 KIDS J140620.09+010643.00 19.16 22.55± 0.13 20.68± 0.01 19.19± 0.004 18.70± 0.009 0.37 11.28
L21 KIDS J141108.94–003647.51 19.22 22.27± 0.14 20.57± 0.01 19.20± 0.004 18.74± 0.01 0.29 10.98
L22 KIDS J141200.92–002038.65 19.19 22.94± 0.27 20.76± 0.02 19.21± 0.005 18.69± 0.02 0.28 11.08
L23 KIDS J141213.62+021202.06 18.37 19.30± 0.01 19.14± 0.004 18.38± 0.002 18.16± 0.005 0.30 11.06
L24 KIDS J141415.53+000451.51 18.99 22.86± 0.17 20.41± 0.009 19.00± 0.003 18.50± 0.006 0.30 11.07
L25 KIDS J141417.33+002910.20 18.77 21.73± 0.07 20.04± 0.007 18.77± 0.003 18.34± 0.006 0.30 11.03
L26 KIDS J141728.44+010626.61 17.90 20.94± 0.04 19.06± 0.004 17.98± 0.002 17.59± 0.003 0.18 10.96
L27 KIDS J141828.24–013436.27 18.82 21.13± 0.07 19.90± 0.006 18.80± 0.003 18.39± 0.005 0.43 11.26
L28 KIDS J142033.15+012650.38 19.38 23.58± 0.38 20.79± 0.02 19.37± 0.005 18.89± 0.01 0.32 10.92
L29 KIDS J142041.17–003511.27 18.95 22.40± 0.14 20.37± 0.009 19.01± 0.003 18.51± 0.005 0.25 11.00
L30 KIDS J142235.50–014207.95 19.24 23.10± 0.27 20.65± 0.01 19.27± 0.004 18.82± 0.009 0.28 10.92
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Table 7. – continued from previous page
ID name MAG_AUTO_r u6′′ g6′′ r6′′ i6′′ zphot log10M?/M
L31 KIDS J142606.67+015719.28 19.33 22.97± 0.22 20.69± 0.01 19.30± 0.005 18.86± 0.01 0.35 11.14
L32 KIDS J142800.20–001026.87 18.75 19.42± 0.01 19.33± 0.004 18.83± 0.003 18.56± 0.009 0.33 11.05
L33 KIDS J142922.11+011450.00 18.69 21.95± 0.12 20.09± 0.008 18.69± 0.003 18.35± 0.007 0.37 11.10
L34 KIDS J143025.44–023311.23 18.80 19.25± 0.01 19.13± 0.005 18.79± 0.003 18.49± 0.007 0.40 11.15
L35 KIDS J143155.56–000358.65 19.34 22.74± 0.18 20.73± 0.02 19.32± 0.004 18.82± 0.007 0.34 11.04
L36 KIDS J143419.53–005231.62 19.14 22.64± 0.17 20.79± 0.01 19.13± 0.004 18.57± 0.005 0.46 11.20
L37 KIDS J143459.11–010154.63 19.37 22.95± 0.25 20.70± 0.01 19.36± 0.004 18.88± 0.01 0.28 10.96
L38 KIDS J143528.88+013055.39 19.31 22.82± 0.33 20.65± 0.02 19.31± 0.004 18.81± 0.01 0.28 10.91
L39 KIDS J143607.24+003902.15 19.18 22.87± 0.23 20.64± 0.01 19.17± 0.004 18.72± 0.008 0.30 10.92
L40 KIDS J143611.55+000718.29 18.27 21.53± 0.06 19.57± 0.004 18.29± 0.002 17.87± 0.004 0.22 11.06
L41 KIDS J143616.24+004801.40 19.24 22.78± 0.25 20.62± 0.01 19.24± 0.004 18.76± 0.009 0.29 11.08
L42 KIDS J143805.25–012729.78 19.29 22.74± 0.19 20.64± 0.01 19.29± 0.004 18.73± 0.007 0.29 10.94
L43 KIDS J144138.27–011840.93 19.35 23.62± 0.48 20.78± 0.01 19.35± 0.004 18.83± 0.008 0.29 11.00
L44 KIDS J144557.12–013510.24 19.16 22.12± 0.13 20.45± 0.009 19.15± 0.004 18.73± 0.009 0.29 10.92
L45 KIDS J144751.78–014927.41 18.61 21.88± 0.11 19.87± 0.007 18.63± 0.003 18.17± 0.005 0.21 10.93
L46 KIDS J144924.11–013845.59 19.40 22.79± 0.24 20.82± 0.02 19.39± 0.005 18.89± 0.009 0.27 11.01
L47 KIDS J145245.48+025321.32 17.69 20.60± 0.03 18.74± 0.002 17.77± 0.001 17.50± 0.003 0.26 11.18
L48 KIDS J145356.13+001849.32 20.32 23.24± 0.30 22.06± 0.04 20.32± 0.009 19.68± 0.03 0.42 11.16
L49 KIDS J145638.63+010933.24 19.66 23.21± 0.26 21.31± 0.02 19.63± 0.006 19.09± 0.01 0.42 11.18
L50 KIDS J153936.50–003904.58 20.15 21.46± 0.09 20.76± 0.02 20.11± 0.01 19.70± 0.02 0.47 10.99
L51 KIDS J154949.48–003655.52 19.02 19.38± 0.01 19.19± 0.004 19.02± 0.004 18.86± 0.01 0.47 11.30
L52 KIDS J155133.16+005709.77 19.37 24.82± 1.76 20.95± 0.02 19.34± 0.005 18.86± 0.01 0.42 11.29
L53 KIDS J220453.48–311200.94 19.32 22.90± 0.23 20.84± 0.01 19.34± 0.004 18.87± 0.005 0.26 10.96
L54 KIDS J231410.93–324101.31 19.26 22.59± 0.16 20.56± 0.009 19.26± 0.004 18.75± 0.006 0.29 11.01
L55 KIDS J233148.39–333402.05 20.46 24.47± 0.74 22.12± 0.04 20.44± 0.009 19.78± 0.02 0.48 11.09
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Table 8. Structural parameters derived running 2dphot on g-, r- and i-bands for the 55 in the ucmg spec sample. For
each band we show: a) circularized effective radius Θe, measured in arcsec, b) circularized effective radius Re, measured in kpc
(calculated using zphot values listed in Table 1), c) Se´rsic index n, d) axis ratio q, e) χ
2 of the surface photometry fit, f) χ′2 of
the surface photometry fit including only central pixels and g) the signal-to-noise ratio S/N of the photometric images, defined
as the inverse of the error on MAG_AUTO.
g-band r-band i-band
ID Θe Re n q χ
2 χ′2 S/N Θe Re n q χ2 χ′2 S/N Θe Re n q χ2 χ′2 S/N
L1 0.25 1.07 4.11 0.34 1.02 1.05 123 0.27 1.19 4.54 0.37 1.07 1.35 367 0.29 1.27 5.62 0.39 1.00 0.93 147
L2 0.05 0.24 4.66 0.12 1.01 0.98 32 0.16 0.74 4.03 0.33 1.02 1.01 127 0.24 1.12 2.96 0.42 0.98 0.87 96
L3 0.29 1.12 4.40 0.58 1.03 1.06 190 0.26 1.01 5.59 0.61 1.20 1.72 506 0.33 1.25 8.48 0.68 1.01 0.95 203
L4 0.46 1.36 3.06 0.27 1.01 1.04 165 0.46 1.39 4.38 0.25 1.07 1.42 462 0.45 1.35 3.33 0.27 1.01 0.96 177
L5 0.56 2.65 10.56 0.75 1.02 0.99 94 0.23 1.09 9.84 0.80 1.12 1.87 279 0.22 1.03 9.27 0.73 1.02 1.04 99
L6 0.39 1.44 3.83 0.46 1.02 1.03 185 0.34 1.25 4.13 0.44 1.08 1.47 443 0.34 1.26 4.00 0.42 1.05 1.10 190
L7 0.46 1.45 4.34 0.24 1.05 1.40 492 0.23 0.73 7.04 0.29 1.34 2.89 1003 0.54 1.70 4.82 0.26 1.06 1.32 641
L8 0.56 1.96 9.95 0.81 0.83 0.86 110 0.14 0.48 10.07 0.76 1.13 1.84 357 0.30 1.05 9.97 0.77 1.01 1.00 152
L9 0.41 1.76 1.97 0.34 1.03 1.13 95 0.34 1.46 1.99 0.32 1.04 1.34 351 0.28 1.20 3.02 0.30 1.00 1.04 206
L10 0.43 1.26 2.70 0.29 1.07 11.51 360 0.32 0.95 3.64 0.29 1.12 25.78 1092 0.34 1.01 3.18 0.29 1.03 9.58 464
L11 0.31 1.78 8.80 0.21 0.99 1.10 16 0.25 1.46 8.54 0.44 1.03 0.99 74 0.21 1.22 3.66 0.59 1.01 1.28 32
L12 0.29 1.02 4.03 0.26 1.07 1.03 130 0.14 0.48 7.96 0.27 1.05 1.20 327 0.11 0.40 8.07 0.25 1.02 0.96 188
L13 0.37 1.39 4.79 0.38 1.03 0.99 602 0.20 1.26 6.53 0.40 1.03 1.18 1109 0.26 1.39 8.63 0.38 1.01 0.94 618
L14 0.71 1.47 3.60 0.22 1.12 1.46 140 0.64 0.79 5.26 0.23 1.40 2.32 381 0.70 1.03 3.48 0.24 1.04 1.19 163
L15 0.28 0.93 9.55 0.72 1.08 1.54 275 0.35 1.15 7.85 0.64 1.31 3.19 621 0.45 1.50 10.06 0.73 1.04 1.13 239
L16 0.50 1.49 7.65 0.38 1.02 7.99 210 0.45 1.34 7.52 0.41 1.10 23.21 673 0.72 2.14 7.51 0.45 1.04 11.05 357
L17 0.36 1.49 2.64 0.30 1.01 0.91 127 0.35 1.47 2.88 0.28 1.12 1.51 410 0.35 1.46 2.42 0.27 1.01 0.94 128
L18 0.52 1.94 8.65 0.52 1.04 1.14 154 0.38 1.42 7.59 0.61 1.03 1.35 363 0.25 0.93 8.95 0.59 1.04 1.04 193
L19 0.17 1.01 0.69 0.14 0.98 0.95 29 0.20 1.19 3.60 0.51 0.98 0.98 97 0.17 1.04 4.96 0.49 1.00 1.01 69
L20 0.32 1.64 6.76 0.29 1.02 1.21 85 0.26 1.36 7.52 0.33 1.07 1.56 276 0.25 1.27 9.23 0.35 1.02 1.25 115
L21 0.40 1.76 2.80 0.56 1.04 1.07 76 0.30 1.32 3.13 0.45 1.01 1.09 261 0.25 1.10 4.71 0.40 0.99 0.86 75
L22 0.34 1.44 5.00 0.33 0.99 0.93 52 0.32 1.35 6.30 0.39 1.01 1.02 217 0.33 1.41 6.13 0.42 1.02 0.99 66
L23 0.18 0.81 7.66 0.61 1.06 1.24 265 0.28 1.21 7.51 0.58 1.28 2.27 507 0.76 3.33 3.62 0.60 1.05 1.17 175
L24 0.38 1.69 3.99 0.46 1.02 1.01 108 0.31 1.40 4.26 0.42 1.04 1.21 316 0.30 1.33 5.03 0.42 0.99 0.89 169
L25 0.31 1.36 5.12 0.81 1.02 0.97 142 0.32 1.41 4.72 0.85 1.04 1.22 383 0.27 1.18 7.84 0.88 1.02 0.96 173
L26 0.54 1.63 3.35 0.35 1.03 1.08 244 0.48 1.47 3.92 0.31 1.07 1.53 555 0.45 1.36 4.74 0.33 1.03 1.08 294
L27 0.22 1.22 3.66 0.52 1.02 1.83 168 0.23 1.30 3.95 0.58 1.02 6.89 399 0.24 1.36 3.15 0.56 1.05 2.85 232
L28 0.19 0.90 3.87 0.15 1.02 0.89 72 0.22 1.02 4.04 0.17 1.01 1.12 237 0.23 1.07 3.67 0.21 1.02 1.04 100
L29 0.37 1.42 6.64 0.64 1.08 1.04 94 0.31 1.23 4.76 0.62 1.03 1.25 299 0.34 1.34 5.67 0.61 1.01 0.94 156
L30 0.29 1.22 1.67 0.82 1.04 1.54 63 0.35 1.48 5.28 0.46 1.05 1.08 206 0.41 1.74 5.10 0.55 1.01 0.90 106
L31 0.28 1.39 7.43 0.35 1.01 1.02 77 0.18 0.89 8.44 0.30 1.50 1.17 244 0.28 1.37 6.47 0.25 1.00 0.94 115
L32 0.16 0.77 9.50 0.70 1.03 1.11 201 0.24 1.16 10.64 0.70 1.26 2.43 327 1.24 5.95 6.79 0.58 1.01 0.99 95
L33 0.29 1.51 5.90 0.87 1.01 0.99 126 0.26 1.36 3.77 0.88 1.08 1.33 368 0.26 1.32 4.10 0.86 1.00 0.91 139
L34 0.06 0.31 7.63 0.92 1.07 1.04 229 0.21 1.11 6.13 0.87 1.03 1.20 345 0.13 0.71 8.56 0.89 1.01 0.91 151
L35 0.26 1.26 4.24 0.70 0.95 0.87 69 0.28 1.36 3.31 0.78 1.02 1.11 272 0.30 1.47 2.89 0.70 1.00 0.90 174
L36 0.27 1.56 2.84 0.29 1.03 1.01 83 0.23 1.37 3.21 0.26 1.25 1.23 297 0.20 1.20 3.29 0.30 1.03 0.96 199
L37 0.17 0.71 6.34 0.53 1.01 0.98 82 0.19 0.84 5.21 0.50 1.02 1.06 249 0.18 0.80 7.52 0.34 1.01 0.98 72
L38 0.39 1.67 4.09 0.39 1.02 0.96 64 0.35 1.49 4.18 0.38 1.00 1.05 232 0.24 1.03 6.96 0.37 1.01 1.06 79
L39 0.36 1.62 3.16 0.27 1.00 1.01 96 0.33 1.47 3.77 0.32 1.10 1.56 311 0.30 1.32 3.25 0.31 1.01 0.90 132
L40 0.40 1.42 2.55 0.20 1.04 1.11 232 0.39 1.39 2.65 0.19 1.15 1.58 597 0.34 1.22 2.77 0.17 1.02 0.97 260
L41 0.51 2.26 5.63 0.53 0.97 0.95 81 0.33 1.47 7.59 0.56 1.03 1.33 255 0.30 1.33 8.73 0.50 0.99 0.91 108
L42 0.37 1.60 4.80 0.37 0.99 1.08 95 0.28 1.19 4.07 0.38 1.02 1.42 259 0.26 1.11 4.11 0.38 1.03 1.46 149
L43 0.37 1.61 6.28 0.28 1.00 0.92 89 0.32 1.40 4.73 0.29 1.03 1.25 246 0.32 1.42 6.48 0.29 1.03 0.90 137
L44 0.32 1.39 6.67 0.73 1.05 1.00 110 0.18 0.79 7.31 0.84 1.02 1.08 263 0.29 1.25 8.04 0.82 1.02 0.92 121
L45 0.44 1.50 2.93 0.47 1.03 1.04 143 0.39 1.31 3.06 0.40 1.06 1.45 349 0.4 1.53 3.08 0.45 1.00 1.00 195
L46 0.35 1.43 5.48 0.23 1.05 1.08 74 0.27 1.12 6.38 0.39 1.06 1.73 216 0.37 1.51 5.81 0.33 1.04 1.16 128
L47 0.31 1.27 8.90 0.67 1.13 1.46 357 0.33 1.33 9.29 0.63 1.19 1.85 694 0.29 1.19 9.37 0.72 1.04 1.07 282
L48 0.22 1.20 6.55 0.33 1.00 0.93 23 0.36 1.99 7.11 0.47 1.01 1.03 109 0.23 1.30 6.66 0.44 1.01 1.00 39
L49 0.29 1.60 5.37 0.54 0.99 1.00 56 0.14 0.78 6.90 0.41 1.04 1.29 198 0.22 1.23 3.24 0.51 1.03 0.93 107
L50 0.08 0.47 6.49 0.52 0.99 0.91 65 0.19 1.11 9.04 0.48 1.04 1.11 114 0.61 3.63 1.10 0.65 1.06 1.20 72
L51 0.06 0.35 5.39 0.64 1.09 1.17 265 0.13 0.74 9.21 0.89 1.04 1.09 272 0.26 1.51 7.55 0.86 1.02 1.00 89
L52 0.14 0.76 6.14 0.28 1.05 1.02 54 0.09 0.51 4.83 0.32 1.04 1.25 239 0.13 0.74 4.45 0.28 1.02 0.96 105
L53 0.34 1.35 6.48 0.34 1.00 0.99 74 0.34 1.38 6.36 0.31 1.05 1.34 282 0.44 1.76 3.91 0.29 1.00 0.98 207
L54 0.36 1.59 4.71 0.46 1.02 0.94 106 0.29 1.29 5.14 0.43 1.04 1.18 286 0.30 1.34 3.52 0.43 1.03 0.97 159
L55 0.81 4.84 9.20 0.76 0.99 1.01 24 0.18 1.06 9.19 0.61 1.01 1.17 114 0.11 0.69 8.62 0.59 1.00 1.01 50
